cited in the European Search 
Report of EP ofcM^o-i^S^o 
Vouf Ref.: aav.^. 



WORLD IMTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



?cT' ^/^ 



(51) International Patent Clasaficatkm 6 
C07H 2im, C12N 15/63 



(11) International Publication Number: 
(43) International Publication Date: 



WO 97/08184 

6 March 1997 (06.03.97) 



(21) International Application Number: PC7r/US96^ 13922 

(22) International Filing Date: 30 August 1996 (30.08.96) 



(30) Priority Data: 
08/520,923 



30 August 1995 (30.08.95) 



US 



(71) Applicants: ARCH DEVELOPMENT CORPORATION 

[US/USl; tlOl East 58lh Street, Chicago. IL 60637 (US). 
DANA-FARBER CANCER INSTITUTE (US/US]; 44 
Binney Sbcet. Boston. .VIA 02115 (US). 

(72) Inventors: WEICHSELBAUM. Ralph, R.; 2031 N. Sedgwick 

Chicago, IL 60614 (US). KUFE. Donald. W.; 179 Grove 
Street. Wcllcsley. MA 02181 (US). KHARBANDA. Suren- 
der. 13 Bradford Road, Natick. MA 01760 (US). 

(74) Agent: SERTICH. Gary. J.; AmoM, White & Durkee P O Box 
4433. Houston, TX 77210 (US). 



(81) Designated States: AL, AM, AT, AU. AZ, BB. BG BR BY 
CA, CH. CN, CU, CZ, DE, DK, EE, ES, FI, Gb' GE,* HU 
IL. IS, JP, KE, KG, KP, KR. KZ. LC. LK. LR. LS, LT, LU. 
LV. MD. MG. MK, MN. MW. MX, NO. NZ, PL FT RO 
RU. SD, SE. SG, SI. SK. TJ. TM, TR. TT. UA. Ug! UZ.' 
VN. ARIPO patent (KE. LS. MW. SD, SZ, UG). Eurasian 
patent (AM. AZ. BY, KG, KZ, MD, RU, TI, TM), European 
patent (AT. BE. CH. DE. DK, ES, FI. FR. OB. OR, IE, IT 
LU, MC, NL, PT. SE). OAPI patent (BF, BJ, CF, CG Cl' 
CM, GA. GN. ml, MR. NE. SN. TD. TO), 



With intemadonal search n 



(54) Title: ^^^^^^J COMPOSITIONS INCLUDING DNA DAMAGING AGENTS AND TYROSINE KINASE INHIBITORS 
(57) Abstract 



Applicants: Gloria C. Li et al. 
Serial No.: 10/712,642 
Filed: November 10, 2003 
Exhibit 3 



FOR THE PURPOSES OF INFORMATION ONLY 
applicatSS^r*J2 SS?*^ States party to the per on the front page, of pamphlets publishing 



BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belanu 

CA Canvla 

CF Ceniral African R 

CG Congo 
CH 
CI 



COie d'lvoire 



Demnaifc 
Estonia 



UC Sri Lanka 



LV Latvia 

MC Monaco 

MD Republic of 

MG Madv 

ML Mali 



Chad 
Togo 
Tajikinan 



BMSDOCID:<WO S708ia4A1 I > 



wo 97/08184 



PCT/US96/13922 



DESCRIPTION 

METHODS AND COMPOSITIONS INCUTDTNO 
DNA DAMA GING AGENTS ANn 
5 TYROSINE KINASE INHIBITORS OR ACnVATORS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

10 

The present invention relates generally to the field of biochemical pathways. 
More particularly, it concerns the pathways connecting DNA damage, 
phosphorylation by tyrosine kinases c-abi gene and gene product 

15 2. Description of the Related Art 

Current treatment methods for cancer, including radiation therapy alone, 
surgery and chemotherapy, are known to have limited effectiveness. Cancer 
mortality rates will therefore remain high well into the 21st century. The rational 
20 development of new cancer treatment methods will depend on an understanding of 
the biology of the cancer cell at the molecular level. 

Certain cancer treatment methods, including radiation therapy, involve 
damaging the DNA of the cancer cell. The cellular response to DNA damage 
25 includes activation of DNA repah, cell cycle arrest and lethality (Hall, 1988). The 
signaling events responsible for the regulation of these events, however, remain 
imclear. 

Several checkpoints in ceil cycle progression control growth in response to 
30 diverse positive and negative regulatory signals (Lau & Pardee, 1982). Ionizing 
radiation, for example, slows growth by inducing delays in Gj/S and phases of 
the cell cycle. The available evidence suggests that G2 arrest in necessary for 
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repair of DNA damage before entry into mitosis (Steinman et al, 1991; Weinert &, 
Hartwell, 1988). Genetic studies in Sacchcaromyces cerevisiae have demonstrated 
that the RAD9 protein conlrols G2 arrest induced by DNA damage (SchiesU et cd., 
1989; Murray. 1989). Mutants of the rad9 locus are unable to delay entry into 
mitosis following exposure to genotoxic agents and thereby replicate damaged 
DNA. Although the mammalian homolog of rad9 remains unidentified, other 
studies in various eukaryotic ceUs have demonstrated that entiy into mitosis is 
regulated by a 34 kD serine/threonine protein kinase, designated p34«*c2 (Nuree, 
1990; Pines & Hunter. 1989; Russell & Nuise. 1987). 

Recent studies have shown that exposure of eukaryotic cells to ionizing 
radiation is associated with induction of certain early response genes that code for 
transcription factors. Members of the jun/fos and early growth response (EGR) 
gene families are activated by ionizing radiation (Sherman et al., 1990; Datta et al., 
1992a). Expression and DNA binding of the nuclear factor kB (NF-kB) are also 
induced in irradiated cells (Brach et al., 1991; Uckun et al., 1992a). Other smdies 
have shown that levels of the tumor suppressor p53 protein increase during X-ray- 
induced arrest of cells in Gl phase (Kastan et al., 1991; 1992). The activation of 
these transcription factors presumably represents transduction of early nuclear 
signals to longer term changes in gene expression that constitute the response to 
irradiation. 



Ionizing radiation also induces protein kinase C (PKC) and protein tyrosine 
kinase activities (HaUahan et al., 1990; Uckun et al, 1993). However, the specific 
kinases responsible for these activities and dieir substrates require further study. 
The interaction between radiation, cell signalling, phosphorylation and various other 
oncogenes and cellular protooncogenes has not been well studied to date. 

Mitomycin C (MMC) is an antitumor antibiotic isolated from Streptomyces 
caespitosus tiiat covalentiy binds to DNA (Tomasz et al, 1988). This agent 
induces both monofunctional and bifunctional DNA lesions (Carrano et al, 1979). 
Other studies have demonstrated that MMC stimulates the formation of hydroxyl 
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radicals (Dusre et ah, 1989). Although the precise mechanism of action of this 
agent is unclear, MMC-induced cytotoxicity has been attributed to DNA alkylation 
and the formation of interstrand cross-links (Carrano et aL, 1979; Dusre et al, 
1989; Tomasz et aL, 1988). Treatment of mammalian ceUs with MMC is 
5 associated with inhibition of DNA synthesis and induction of sister-chromatid 

exchange (Carrano et aL, 1979). Previous work has demonstrated that MMC also 
enhances transcription of HTV-l and collagenase promoter constructs transfected 
into HeLa cells (Stein et al., 1989). These studies indicated that AP-1 is involved 
in MMC-induccd activation of the collagenase enhancer. However, little is known 
10 about the effects of this agent on other signaling events. 

Protein tyrosine phosphorylation contributes to the regulation of cell growth 
and differentiation. Protein tyrosine kinases can be divided mto receptor-type and 
nonreceptor-type (Src-like) kinases (Cantley et al., 1991; Hanks et al., 1988; Bonni 
15 et aL, 1993; Lamer et al., 1993; Ruff-Jamison et aL, 1993). Several protein 

tyrosine kinases have been purified from the cytosolic fractions of various tissues 
(Nakamura et aL, 1988; Wong & Goldberg, 1984; Zioncheck et aL, 1986). 

The Src-like kinases, which can associate with receptors at the plasma 
20 membrane, induce rapid tyrosine phosphorylation and/or activation of effectors such 
as phospholipase C-yl (PLCyl) (Carter et aL, 1991), PLC72 (Hempel et aL, 1992), 
mitogen-activated protein (MAP) kinase (Casillas et aL, 1991), GTPase activating 
protein (GAP) (Gold et aL, 1992a) and phosphatidylinositol 3-kinase (PI3-K) (Gold 
et aL, 1992b). Recent studies have demonstrated an increase in tyrosine 
25 phosphorylation following irradiation of B-lymphocyte precursors (Uckun et aL, 

1993). Studies of p59*y". p56/p53'yn. pSS^^ and pSS'*:'^ activity demonstrated that 
these Src-family tyrosine kinases were not responsible for radiation-induced 
tyrosine phosphorylation (Uckun et aL, 1992a). These fmdmgs suggested that other 
protein tyrosine kinases, perhaps of the receptor-type, are involved in the response 
30 of cells to ionizing radiation. 
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Varying the environmental conditions following exposure to ioni2dng 
radiation or DNA damaging agents can influence the proportion of cells that 
survive a given dose due to the expression or repair of potentially lethal damage 
(PLD). The damage is potentiaUy ledial because while under nonnal circumstances 
it causes ceil death, manipulation of &e post-irradiation environment can modify 
the ecu response. Studies show that cell survival can be increased if the ceUs are 
arrested in the ceU cycle for a protracted period of time following radiation 
exposure, allowing repair of DNA damage. (Hall, 1988). Thus, PLD is repaired 
and the fraction of cells surviving a given dose of x-rays is increased if conditions 
are suboptimal for growth, such that cells do not have to undergo mitosis while 
their chromosomes are damaged. 

For some diseases, e.g., cancer, ionizing radiation is useful as a therapy. 
Methods to enhance the effects of radiation, thereby reducing the necessary dose, 
would greatly benefit cancer patients. Therefore, methods and compositions were 
sought to enhance radiation effects by increasing the sensitivity of cells to damage 
from ionizing radiation and DNA damaging agents such as alkylating compounds. 
Cells that are irradiated or treated with DNA damaging agents halt in the cell cycle 
at Gj, so that an inventory of chromosome damage can be taken and repair 
initiated and completed before mitosis is initiated. By blocking the stress or 
survival response in these ccUs, they undergo mitosis with damaged DNA, express 
the mutations, and are at a greater risk of dying. 

SUMMARY O F THE TNVFNTTOTSJ 

The present invention, m a general and overaU sense, concerns the 
signaUing pathways that connect DNA damage, such as that induced by ionizing 
radiation or alkylating agents, phosphorylation by tyrosine kinases and the c-Abl 
gene and gene product. More particularly, the mvention involves the use of 
antisense molecules to selectively inhibit the expression of the c-Abl gene product 
foUowing exposure of ceUs to DNA damaging agents, such as mitomycin C or 
ionizing radiation. Such an antisense molecule includes a region that is 
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complementary to and capable of hybridizing with a region of the selected gene. 
Moreover, the antisense RNA molecules of the present invention are capable of 
selectively inhibiting the expression of the c-AbI gene product over that of another 
member of the non-receptor type of tyrosine kinases. The RNA molecule may also 
comprise a sequence that is complementary to exon region sequences of the c-Abl 
gene. 



10 



20 



25 



30 



In other embodiments, the invention contemplates nucleic acid molecules 
that comprise a codmg region that expresses an antisense RNA molecule that 
selectively inhibiting the gene product of the c-Abl gene. This DNA codmg region 
includes an antisense RNA that is complementary to a region of the c-Abl gene. 
The entire nucleic acid molecule may be a DNA molecule, and this particular 
embodiment may encode a RNA molecule having a sequence that is complementary 
to the c-Abl gene sequence, or a portion thereof. 

While it is generally believed that the antisense c-Abl gene be prepared to 
be complementary to an entire c-Abl gene, it is believed tiiat shorter regions of 
complementary nucleic acid may be employed, so long as the antisense construct 
can be shown to inhibit expression of the targeted expression product Thus, it is 
contemplated that the nucleic acid molecule of the present invention may comprise 
a DNA sequence that encodes a RNA antisense molecule having a sequence tiiat is 
complementary to at least a 2000 base region of the c-Abl gene. In other 
embodiments, the lengtii of this RNA antisense sequence may be a 1000 base. 500 
base, 100 base, or even a 10 base region of tiie c-Abl gene. 

The antisense RNA of the present invention may be applied directly to cells, 
in the form of oligonucleotides incorporating tiie antisense c-Abl sequences, or 
nucleic acid sequences may be introduced into tiie cell tiiat will encode tiie c-Abl 
sequence. It has been shown the antisense nucleotides may successfully traverse 
cell membranes, and tiiat such metiiods may be successful when liposomes are used 
to encapsulate tiie nucleic acid. Otiier techniques for direct insertion of tiie 
antisense construct into ceUs includes elertroporation or calcium phosphate 
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transfection. With these methods, the cells are generally removed from the host 
organism, treated with the constructs, and returned to the host. 

The more preferred approach will involve the preparation of vectore that 
incorporate nucleic acid sequences that encode the c-Abl sequence. It is 
contemplated that these vectors may either be transiently integrated into the host 
cell, or may be stably integrated into the host cell genome. An expression vector 
may comprise a gene encoding a RNA molecule complementary to the c-Abl gene 
and positioned under the control of a promoter, the gene positioned to effect 
transcription of the c-Abl gene in an orientation opposite to that of vector 
transcription. The encoded antisense c-Abl RNA molecule is capable of selectively 
inhibiting the expression of the c-Abl gene product This expression preferably 
occurs in a manunalian cell, and even more preferably, the mammalian ceU is a 
human cell. Examples of suitable vectors for use within the scope of the present 
invention include, but are not limited to, adenovirus, adeno-associated vims, 
retrovirus or herpes simplex virus 1. 



Therefore, in certain aspects, the present invention contemplates the 
preparation of nucleic acid molecules that comprise a coding region that contains 

20 regions complementary to and capable of hybridizing with a c-Abl gene sequence. 
Generally, the preferred nucleic acid molecules will be DNA sequences arranged in 
a vector, such as a virus or plasmid, and positioned under the control of an 
appropriate promoter. However, as previously set forth, the antisense RNA 
molecule may itself be an appropriate nucleic acid, such as retrovirus RNA into 

25 which the appropriate coding sequences have been incorporated. Moreover, the 
nucleic acids may be introduced into cells by means of liposomes, or the like. 

The particular promoter that is used within the scope of the present 
mvention to control the expression of the antisense RNA in a vector construct is 
30 not believed to be particularly crucial, as long as it is capable of expressing the 
antisense c-Abl DNA in the targeted cell at a rate greater than that of the gene to 
be inhibited. Thus, where a human ceU is targeted, it vwU be preferred to position 
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the antisense RNA coding region adjacent to and under the control of a promoter 
that is capable of being expressed in a human cell. In a general sense, such a 
promoter may be of human or viral origin. The most preferred promoters are those 
that are capable of being expressed in a wide variety of histologic cell types, and 
which are capable of continuously expressing the antisense RNA. Representative 
examples include the RSV, Herpes Simplex Virus thymidine kinase (HSV tk), the 
immediate early promoter from cytomegalovirus (CMV) and various retroviral 
promoters including LTR elements. 

In other aspects, the invention concerns methods of selectively inhibiting the 
expression of a gene product of c-Abl in a cell, which includes preparing an 
antisense RNA molecule having a region that is complementary to and enable of 
hybridizing with a distinct c-Abl region, followed by introducing the antisense 
RNA into the ceU in an amount effective to inhibit the expression of the c-Abl 
gene product. One can test whether too much antisense c-Abl DNA has been 
included in an antisense construct of the present invention by simply testing the 
constructs in vitro to determine whether normal cellular function is affected or 
whether the expression of related genes havmg complementaiy sequences are 
affected. This may have importance in that it has been shown that overexpression 
of wUd type non-oncogenic c-Abl may prolong or even inhibit progression through 
the GI phase (Mattioni et al., 1995). 



The invention also concerns methods of preparing genetic constructs for the 
expression of antisense c-Abl DNA, which includes incorporation of genomic DNA 
25 fragments, as opposed to cDNA. into ^)propriate vectors for subsequent 
intracellular incorporation. 



30 



Also within the scope of the invention are methods of selectively inhibiting 
the expression of c-Abl in a cell comprising first preparing an antisense RNA 
molecule that includes a region that is complimentary to and capable of hybridizing 
with a region of the c-Abl gene, followed by introducing the antisense RNA 
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molecule into the cell in an amount eflfective to inhibit the expression of the c-Abl 
gene. 

Also contemplated are methods of selectively mhibiting the expression of c- 
Abl while treating a patient with DNA damaging agents, that comprises the steps of 
preparing an antisense RNA molecule that includes a region that is complimentary 
and capable of hybridizing with a region of the c-Abl gene and administering to the 
patient the antisense RNA molecule in an amount effective to mhibit the expression 
of the c-Abl gene. Thus, a dose of a DNA damaging agent, which may be ionizing 
radiation, is administered to the patient in an amount effective to produce an 
increase in c-Abl production, which increase is abrogated by the presence of the 
antisense construct The antisense RNA molecule may be introduced into the ceU 
by introduction of a DNA molecule that encodes and is capable of expressmg the 
antisense RNA molecule. In further embodiments, the DNA molecule is introduced 
into ito the cell by a liposome or a virus, which virus may be a retrovirus, 
adenovirus, or herpes simplex virus. The DNA damaging agents within the scope 
of the present invention include ionizing radiation and chemical agents, such as 
alkylating agents. 

The invention also contemplates methods selectively inhibiting the 
expression of c-Abl in a cell, including preparing an antisense RNA molecule that 
comprises a sequence that is complementary to a region of the c-Abl gene and is 
capable of hybridizing to such a region, preparing a recombinant vector that 
comprises a nucleic acid sequence capable of expression the antisense RNA in the 
25 cell, and introducing the vector into the cell in a manner that allows expression of 
the encoded antisense RNA at a level sufficient to inhibit gene expression. 

To kill cells, such as malignant cells, using the methods and compositions 
of the present invention, one would generally contact a "target" cell with at least 
30 one DNA damaging agent and a c-Abl antisense molecule in a combined amount 
effective to kill the cell. This process may involve contacting the ceUs with the 
DNA damaging agent(s) or factor(s) and the antisense c-Abl RNA at the same 
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time. This may be achieved by contacting the cell with a single composition or 
pharmacological formulation that includes both agents, or by contacting the cell 
with two distinct compositions or formulations, at the same time, wherein one 
composition includes the DNA damaging agent and the other composition includes 
the c-AbI antisense molecule. 

Naturally, it is also envisioned that the target cell may be first exposed to 
the DNA damaging agent(s) and then contacted with a c-AbI antisense RNA 
molecule, or vice versa. In such embodiments, one would generally ensure that 
sufficient time elapses, so that the two agents would still be able to exert an 
advantageously combined effect on the cell. In such instances, it is contemplated 
that one would contact the cell with both agents within about 12 hours of each 
other, and more preferably within about 6 hours of each other, with a delay time of 
only about 4 hours being most preferred. These times are readily ascertained by 
the skilled artisan. 

The terms "contacted" and "exposed", when applied to a cell, are used 
herein to describe the process by which a DNA damaging agent or antisense RNA 
molecule are delivered to a target cell or are placed in direct juxtaposition with the 
target cell. To achieve cell kilUng, both agents are delivered to a cell in a 
combined amount effective to kill the cell, i.e., to induce programmed ceU death or 
apoptosis. The terms, "killing", "programmed cell death" and "apoptosis" are used 
interchangeably in the present text to describe a series of intracellular events that 
lead to target cell death. 

StUl further embodiments of the present invention are kits for use in killing 
cells, such as malignant ceUs, as may be formulated into therapeutic kits for use in 
cancer treatment The kits of the invention will generally comprise, in suitable 
container means, a pharmaceutical formulation of a DNA damaging agent and a 
pharmaceutical formulation of a c-Abl antisense RNA molecule. These agents may 
be present witiiin a single container, or these components may be provided in 
distinct or separate container means. 
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The components of the kit are preferably provided as a liquid solution, or as 
a dried powder. When the components are provided in a Uquid solution, the liquid 
solution is an aqueous solution, with a sterile aqueous solution being particularly 
preferred. When reagents or components are provided as a dry powder, the powder 
can be reconstituted by the addition of a suitable solvent. It is envisioned that the 
solvent may also be provided in another container means. 

Although kits have been described as part of this invention, it should be 
noted that the use of ionizing radiation to create DNA damage is an important 
aspect of the invention not specifically provided in kit form. 

BRIEF DESCRIPTION OF T HE DRAWINr:^ 

The foUowing drawings form part of the present specification and are 
included to further demonstrate certam aspects of the present invention. The 
invention may be better understood by reference to one or more of these drawings 
in combination with the detailed description of specific embodiments presented 
herein. 



25 



20 FIG. lA, FIG. IB. FIG. IC and TIG. ID. Activation of Src-like tyrosine 

kinases by mitomycm C (MMC). HL.60 cells were exposed to IQ-^ M MMC and 
harvested at 1 h. Cell lysates were subjected to immunoprecipitation with pre- 
immune rabbit serum (PIRS) (FIG. lA); anti-Fyn antibodies (FIG. IB); anti-Lyn 
antibodies (FIG. IC); and anti-Src antibodies (HG. ID). Phosphorylation reactions 
were performed in the presence of [y^SpjATP for 10 min at 30°C. Phosphorylated 
protein was analyzed by 10% SDS-PAGE and autoradiography. 



FIG. 2A, FIG. 2B and FIG. 2C. Activation of p56/p53'y" kinase by MMC. 
In FIG. 2A, HL-60 cells were exposed to the indicated concentrations of MMC for 
30 1 h. In FIG. 2B, cells were exposed to lO'^ M MMC for the indicated times. 
Anti-Lyn immunoprecipitatcs were incubated with [y-^^pj^jp gnolase. 
Phosphorylated protein was analyzed by SDS-PAGE and autoradiography. In 
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FIG. 2C, anti-Lyn immurioprecipitates were analyzed by immunoblottmg with 
anti-Lyn. 



10 



20 



25 



FIG. 3A and FIG. 3B. Tyrosine phosphorylation of p56/p53^yn in 
MMC-treated cells. HL-60 cells were treated with MMC for 1 h. Cell lysates 
were immunoprecipitated with anti-Lyn and the immunoprecipitates were subjected 
to immunoblotting with anti-P-Tyr (FIG. 3A) or anti-Lyn (FIG. 3B). 

FIG. 4A, HG. 4B and FIQ. 4C. MMC-mduced p56/p53*y" activation is 
sensitive to tyrosine kinase inhibitors and is not a direct effect. In FIG. 4A, cells 
were treated with lO'^ M herbimycin A (H) or genistein (G) for 1 h and then 
MMC for an additional 1 h. In FIG. 4B, cells were treated with 5 x 10"^ M H7 for 
1 h and then MMC for 1 h. Anti-Lyn immimoprecipitates were analyzed for 
phosphorylation of p56/p53*y" and enolase. In FIG. 4C. cells were treated with 
MMC for 1 h. Anti-Lyn immunoprecipitates were analyzed for phosphorylation of 
pSe/pSS'y" and enolase. Lysates from untreated HL-60 cells were 
immunoprecipitated with anti-Lyn. MMC (lO'^ M) was added to the kinase 
reaction and incubated for 15 min. The reaction was analyzed for phosphorylation 
of p56/p53*y" and enolase. 

FIG. 5A, FIG. 5B and FIG. SC. Other alkylating agents active p56/p53^y". 
HL-60 cells were treated with 2 x 10"^ M adozelesin (FIG. 5A), 10"^ M nitrogen 
mustard (FIG. 5B) and lO'^ M cis-platinum (FIG. 5C) for 1 h. Anti-Lyn 
immunoprecipitates were analyzed for phosphorylation of p56/p53'y" and enolase. 

FIG. 6A and FIG. 6B. Association of p56/p53*y" and p34*=^^2 hL-60 ceUs 
were U^ated with lO'^ M MMC for 1 h. In FIG. 6A, cell lysates were incubated 
with GST or GST-Lyn proteins immobilized on beads. The resulting complexes 
were separated by SDS-PAGE and analyzed by unmunoblotting with anti-cdc2 
antibody. In FIG. 6B, lysates from control (labeled HL-60) and MMC-treated cells 
were subjected to immunoprecipitation with anti-cdc2. The immune complexes 
were assayed for in vitro kinase activity by incubation with [y-^^P]ATP. One 
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aliquot of the kinase reaction was analyzed by SDS-PAGE and autoradiogr^hy. 
The other ahquot was washed to remove free ATP and boiled in SDS buffer to 
disrupt complexes. A secondary immunoprecipitation was then performed with 
anti-Lyn. The anti-Lyn immunoprecipitates were separated by SDS-PAGE and 
5 analyzed by autoradiography. 

FIG. 7A and FIG. 7B. Effects of MMC treatment on tyrosine 
phosphorylation of p34«*^. HL-60 cells were exposed to MMC for 1 h. In 
FIG. 7A, cell lysates were subjected to immunoprecipitation with anti-cdc2. The 
10 immunoprecipitates were analyzed by SDS-PAGE and immunoblotting with 

anti-P-Tyr. In FIG. 7B, ceU lysates were subjected to immunoprecipitation with 
anti-cdc2 and immunoblot analysis with anti-cdc2. 



FIG. 8. Phosphorylation of cdc2 peptides by pSfi/^pSS'^". HL-60 ceUs were 
15 treated with MMC for 1 h. Cell lysates were subjected to immunoprecipitation 

with anti-Lyn. The immunoprecipitates were assayed for phosphorylation of either 
a cdc2 aEKIGEGryOWYK; SEQ ID NO:3) or mutated cdc2 (mcdc2; Y-IS to 
F-15) peptide. The results represent the mean ± S.D. of two independent studies 
each performed in duplicate and are normalized to control phosphorylation of the 
20 cdc2 peptide. Control ceUs (cross hatch); MMC-treated cells (stripes). 

FIG. 9A, no. 9B and FIG. 9C. Activation of Src-like protein tyrosine 
kinases by ionizing radiation. HL-60 cells were exposed to 200 cGy ionizing 
radiation and harvested at 15 min or 2 hours. In FIG. 9A. Cell lysates were 

25 subjected to immunoprecipitation with anti-Fyn antibodies; in FIG. 9B, cell lysates 
were subjected to immunoprecipitation with anti-Lyn antibodies; and in FIG. 9C, 
ceU lysates were subjected to immunoprecipitation with anti-Lck antibodies. 
Autophosphorylation reactions were performed by adding [y-^^PjATP for 10 min 
at SO^C. Phosphorylated protein was analyzed by 10% SDS-PAGE and 

30 autoradiography. 
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FIG. lOA and FIG. lOB. Activation of p53/56'yn kinase by ionizing 
radiation. HL-60 cells were exposed to 200 cGy ionizing radiation for 5 min, 15 
min, 30 min, 6 hours, 12 hours, or 24 hours. Cell lysates were subjected to 
immunoprecipitation with anti-Lyn. In FIG. lOA, the immunoprecipitates were 
5 analyzed in autophosphorylation reactions. In HG. lOB, enolase phosphorylation 
assays arc shown. Samples were separated in 10% SDS-PAGE gels and analyzed 
by autoradiography. The fold increase of Enolase phosphorylation, increased as 
measured by scintiUation counting of the excised bands, is indicated at tiie bottom. 

10 FIG. 11. Different doses of ionizing radiation induce activation of 

p53/p56'y". HL-60 cells were exposed to tiie indicated doses of ionizing radiation 
and then harvested at 12 h. Soluble proteins were subjected to 
immunoprecipitation wiUi anti-Lyn. The immunoprecipitates were analyzed for 
phosphorylation of p56/p53*y" and enolase. The fold increase in enolase 

15 phosphorylation is indicated at the bottom. 
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FIG. 12A and FIG. 12B. Effects of HjOj, NAC and protein tyrosine 
kinase inhibitors on activation of p56/p53'y". In FIG. 12A. HL-60 cells were 
citiier treated witii H2O2 for tiie indicated times or pretreated witii 30 mM NAC for 
1 h, irradiated (200 cQy) and harvested at 12 h. In FIG. 12B. HL-60 cells were 
treated witii 10 ^iM herbimycin (H) or 10 nM genistein (G) for 1 h, irradiated (200 
cGy) and tiien harvested at 12 h. Cell lysates were immunoprecipitated witii anti- 
Lyn and tiie immunoprecipitates were analyzed for phosphorylation of p56/p53'y" 
and enolase. 

FIG. 13A and FIG. 13B. Ionizing radiation exposure induces tyrosine 
phosphorylation of a 34 kD substrate. HL-60 cells were exposed to 200 cGy 
ionizing radiation and harvested at tiie indicated times. In FIG 13A, soluble 
proteins were subjected to immunoblot (IB) analysis witii anti-P-Tyr; and in 
HG. 13B soluble proteins were subjected to immunoblot OB) analysis witii anti- 
p34cdc2 antibodies. The arrow indicates tiie position of 34 kD signals. 
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FIG. 14A and FIG. 14B. Different doses of ionizing radiation induce 
tyrosine phosphorylation of the 34 kD protein. HL-dO cells were exposed to the 
indicated doses of ionizing radiation and then harvested at 5 min. In FIG. 14A, 
soluble proteins were subjected to immunoblot (IB) analysis with anti-P-Tyr; and in 
FIG. 14B, soluble proteins were subjected to inununoblot (IB) analysis with anti- 
p34'''**=2 antibodies. The arrows indicate the position of the 34 kD signals. 

FIG, 15A and FIG. 15B. Ionizing radiation induces tyrosine 
phosphorylation of p34«*<^2 ^ ^^^^^^ ^ ionhing 

radiation and harvested at 5 min. CeU lysates from control and irradiated cells 
were subjected to immunoprecipitation (IP) with p34«*c2 antiserum and protein A- 
Sepharose. In FIG. 15A, the immunoprecipitates were subjected to immunoblot 
aB) analysis with anti-P-Tyr antibodies; and in HO. 15B, the; immunoprecipitates 
were subjected to immunoblot (IB) analysis with anti-p34«*'^ antibodies. 

FIG. 16A, FIG. I6B, FIG. 16C, FIG. 16D, FIG 16E, and FIG 16F. 
Activation of c-Abl by diverse DNA damaging agents. FIG. 16A, FIG. 16B, and 
FIG. 16C. U-937 or NIH3T3 cells were treated with 2 Gy ionizing radiation QR) 
and harvested at 1 h. Nuclei were isolated and the nuclear proteins subjected to 
immunoprecipitation with anti-Abl (K.12. Santa Cruz Biotechnology, San Diego, 
CA). In vitro immune complex kinase assays were performed using a 
GST-Crk(120-225) fusion protein as substrate (U-937, FIG. 16A, lanes 1 and 2; 
NIH3T3. FIG 16B). GST-Crk(120.212) fusion protein (which lacks the critical' 
Y221) was used as a negative control Gane 3). The anti-Abl hmnunoprecipitates 
25 were also analyzed by immunoblotting with anti-Abl (FIG. 16C). 

FIG. 16D. U-937 cells were treated with 2 Gy IR and harvested at the 
indicated times. Nuclear proteins were then subjected to immunoprecipitation with 
anti-Abl antibody. Immunoprecipitations were also performed with preimmune 
30 rabbit serum (PIRS) from cells exposed to 2 GylR and harvested at Ih. In vitro 
immune complex kinase assays were performed usmg the c-Abl substrate 
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EAIYAAPFAKKK (SEQ ID NO:5). The data (percent control phosphorylation) 
represent the mean + S.E of three separate studies. 

HG. 16E and FIG. 16F. NIH3T3 ceUs were treated with 10 nM CDDP for 
.30 min. 10 jiM MMC for 1 h or 2 Gy IR (harvested at 1 h). Nuclear proteins 
were subjected to immunoprecipitation with anti-Abl. Kinase assays were 
performed using GST-Crk( 120-225) fusion protein (FIG. 16E) or 
EAIYAAPFAKKK (SEQ ID NO:5) peptide (FIG. 16F) as substrates. 

FIG. 17A and FIG. 17B. Activation of SAP kinase activity by DNA 
damaging agents. FIG. 17A: NIH3T3 cells were treated with 20 Gy IR (harvested 
at 1 h), 10 nM CDDP for 2 h or 10 jiM MMC for 2 h. Total lysates were 
immunoprecipitated with anti-SAP kinase antibody and in vitro immune complex 
kinase reactions containing GST-Jun(2-100) fusion protein were analyzed by 10% 
SDS-PAGE and autoradiography. FIG. 17B: Abl-/- cells were treated with 20 Gy 
IR (harvested at 1 h), 10 nM CDDP for 2 h or 10 nM MMC for 2 h. N1H3T3 
cells were also treated with 10 ^M MMC for 2 h as a positive control. Total cell 
lysates were unraunoprecipitated with anti-SAP kinase and in vitro immune 
complex kinase assays were performed using GST-Jun(2-100) as substrate. 



FIG. 18A, FIG. 18B and FIG. 18C. Activation of c-Abl and SAP kinase by 
DNA-damaging agents in c-Abl reconstituted Abl-/- (Abl+) cells. FIG. 18A: 
Nuclear proteins isolated from NIH3T3, Abl-/- abd ABL+ ceUs were subjected to 
immunoprecipitation with anti-Abl. The immunoprecipitates were analyzed by 
immunoblotting with anti-Abl. FIG. 18B: NIH3T3, Abl-/- and Abl+ cells were 
treated with 2 Gy IR and harvested at 1 h. Nuclei were isolated and the nuclear 
proteins subjected to immunoprecipitation with anti-Abl. In vitro immune complex 
kinase assays were performed using the c-Abl substrate peptide. The data (percent 
conU-ol phosphorylation) represent the mean + S.E. of two separate studies. 
30 HG. 18C: Abl+ cells were treated with either IR (20 Gy and harvested at 1 h) or 
MMC (10 ^lM for 2 h). Total ceU lysates were immunoprecipitated with anti-SAP 
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kinase antibody and in vitro immune complex kinase assays containing GST-Jim 
(2-100) fusion protein were analyzed by 10% SDS-PAGE and autoradiography. 

FIG. 19A and FIG. 19B. Activation of SAP kinase by TNF is independent 
5 of c-Abl. FIG. 19A: NIH3T3 ceUs were treated with 2 Gy IR (harvested at 1 h) 
or 10 ng/ml TNF for 15 min. Nuclear lysates were immunoprecipitated with 
anti-AbI antibody and in vitro immune complex kinase assays were performed 
using peptide as substrate. FIG. 19B: NIH3T3 or AbW- cells were treated with 
10 ng/ml TNF for 30 min or 20 Gy IR. Total ceU lysates were immunoprecipitated 
0 with anti-SAP kinase and immune complex kinase assays were performed using 
GST-Jun (2-100) as substrate. 



DETAILED DESCRIPTION OF THE PRRFFWR ED EMBOniTVfFNrrs 

15 The product of the c-AbI gene is a non-receptor tyrosine kinase that is 

localized to the nucleus and cytoplasm. The present invention demonstrates that 
ionizing radiation (IR) activates c-Abl. Similar results were obtained with the 
alkylating agents cisplatinum and mitomycin C. The inventors also demonstrate 
that cells deficient in c-Abl fail to activate Jun kinase (JNK/SAP kinase) following 

20 IR or alkylating agent exposure and that reconstitution of c-Abl in these cells 

restores that response. In contrast, the stress response to tumor necrosis factor is 
stimulated by a c-Abl-independent mechanism. These findings indicate that c-Abl 
is involved in the stress response to DNA-damaging agents. 

25 In addition to sharing structural features with members of the src family, 

c-Abl contains actin binding and DNA binding domains. The finding that c-Abl 
associates with the retinoblastoma (Rb) protein has suggested a potential role for 
c-Abl in regulating the cell cycle (Welch and Wang, 1993). Other studies have 
shown that overexpression of c-Abl mduces an arrest in Gj phase (Sawyers et al., 

30 1994; Mattioni et al., 1995). Phosphorylation of c-Abl on multiple sites by 

p34cdc2 jjyj^ j^^^^ ^ ^ supported a role in G^ phase (Kipreos and Wany. 
1990). The phosphorylation of c-Abl in mitotic cells inhibits DNA binding 
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(Kipreos and Wang, 1992). While these findings have suggested that c-Abl 
contributes to regulation of the cell cycle, the present studies demonstrate that 
c-Abl is activated by DNA-damaging agents. DNA damage could dissociate c-Abl 
from a complex with other proteins and thereby contribute to interactions with 
potential substrates. In this context, binding of c-Abl to the first Crk SH3 domain 
targets phosphorylation of c-Crk on Tyr221 (FeUer et al, 1994; Ren et al, 1994; 
Feller et al., 1994). Since DNA damage is associated with arrest of cells in Gj and 
Gj phases, c-Abl activation could play a role in regulating these responses to 
genotoxic stress. Alternatively, while overexpression of c-Abl arrests cells in Gj 
phase, activation of c-Abl by DNA damage may regulate distinct stress pathways 
that include SAP kinase. 



20 



30 



Antisense constructs are oligo- or polynucleotides comprising 
complementary nucleotides to the control regions or coding segments of a DNA 
molecule, such as a gene or cDNA. Such constructs may include antisense versions 
of both the promoter and other control regions, exons, introns and exon:intron 
boundaries of a gene. Antisense molecules are designed to inhibit the transcription, 
translation or both, of a given gene or construct, such that the levels of the 
resultant protein product are reduced or diminished. 

Nucleic acid sequences which comprise "complementary nucleotides" are 
those which are capable of base-pairing according to the standard Watson-Crick 
complementarity rules. That is, that the larger purines will base pair with the 
smaller pyrimidines to form only combinations of Guanine paired with Cytosine 
(G:C) and Adenine paired with either Thymine (A:T), in the case of DNA, or 
Adenine paired with Uracil (A:U) in the case of RNA. 

As used herein, the terms "complementary and/or antisense sequences" mean 
nucleic acid sequences that are substantially complementary over their entire length 
and have very few base mismatches. For example, nucleic acid sequences of 
fifteen bases in length may be termed complementary when they have a 
complementary nucleotide at thirteen or fourteen positions with only a single 
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mismatch. Nucleic acid Sequences which are "completely complementary" will be 
nucleic acid sequences which are entirely complementary throughout their entire 
length and have no base mismatches. In general, the longer the sequence, the 
larger the number of mis-matches that are tolerated. 

5 

Antisense RNA constructs, or DNA encoding such antisense RNAs, may be 
employed to inhibit gene transcription or translation or both within a host ceU, 
either in vitro or in vivo, such as withm a host animal, mcluding a human subject 
The antisense constructs have evident utiUty in gene inhibition embodiments. For 

10 example, U.S. Patent 4,740,463, incoiporated herein by reference, describes in 
general methods for antagonizing the effects of an oncogene using oppositely 
transcribed oncogene DNA segments. Although not describing the c-abl gene, the 
methodology generally disclosed in U.S. Patent 4,740,463 may be used in 
connection with the DNA damaging and c-abl inhibition methods and compositions 

15 of the present invention. 

PCT Patent Application WO 95/10265, incorporated herein by reference, 
also describes methods useful for the delivery of antisense oligos. viiich methods 
utilize a surface active non-ionic copolymer (a block copolymer). Such delivery 
20 methods may also be used in the context of the present invention. If desired, the 
anti-flft/ constructs may be linked to a cell-specific binding agent for enhanced 
delivery, as described in PCT Patent Application WO 94/23050. 

In certain embodiments, one may wish to employ antisense constructs which 
25 include other elements, for example, those which include C-5 propyne pyrimidines. 
Oligonucleotides which contain C-5 propyne analogues of uridine and cytidine have 
been shown to bind RNA with high afSnity and to be potent antisense inhibitors of 
gene expression (Wagner et al., 1993). 

30 Also. U.S. Patent 5,138,045 and European Patent Application EP 431,523, 

each incorporated herein by reference, describe oligos having improved cellular 
uptake and nuclease resistance. Antisense constructs directed to the c-abi gene and 
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modified to include nitrogenous moieties, such as polyamines and hydrazines, 
linked to the sugar residues, as described in U.S. Patent 5,138,045, are 
contemplated for use with this invention. Oligos modified according to EP 431,523 
are also contemplated for use. 

Adenovirns Delivery Systems 

Adenoviruses have been widely studied and well-characterized as a model 
system for eukaiyotic gene expression. Adenoviruses are easy to grow and 
manipulate, and they exhibit broad host range in vitro and in vivo. This group of 
viruses can be obtained in high titers, e.g., 10^-10^ » plaque-fonning unit (PFU)/ml, 
and they are highly infective. The life cycle of Adenoviruses does not require 
integration into the host cell genome. The foreign genes delivered by Adenovirus 
vectors are expressed episomaUy. and therefore, have low genotoxicity to host cells. 
Adenoviruses appear to be linked only to relatively mild diseases, since there is no 
known association of human malignancies with Adenovirus infection. Moreover, 
no side effects have been reported m studies of vaccination with wild-type 
Adenovirus (Couch et al., 1963; Top et al, 1971), demonstrating their safety and 
therapeutic potential as in vivo gene transfer vectors. 

Adenovirus vectors have been successfully used in eukaryotic gene 
expression (Levrero et al., 1991; Gomez-Foix et al, 1992) and vaccine 
development (Grunhaus and Horwitz, 1992; Graham and Prevec, 1992). Recently, 
animal studies demonstrated that recombinant Adenoviruses could be used for gene 
therapy (Straiford-Perricaudet and Pemcaudet, 1991; Stratford-Perricaudet et al, 
1990; Rich et al, 1993). Successful experiments in administering recombinant 
Adenovirus to different tissues include trachea instillation (Rosenfeld et al, 1991; 
Rosenfeld et al, 1992), muscle injection (Ragot et al, 1993), peripheral 
intravenous injection (Herz and Gerard, 1993), and stereotactic inoculation into the 
brain (Le Gal La Salle et al, 1993). 
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Generation and propagation of the current Adenovirus vectors depend on a 
unique helper cell line, 293, which was transformed from human embryonic kidney 
cells by ADS DNA fragments and constitutively expresses El proteins (Graham, 
et al., 1977). Since the E3 region is dispensable from the Adenovirus genome 
(Jones and Shenk, 1978), the current Adenovirus vectors, with the help of 293 
cells, carry foreign DNA in either the El. the E3 or both regions (Graham and 
Prevec, 1991). In nature. Adenovirus can package approximately 105% of the 
wild-type genome (Ghosh-Choudhury. et al., 1987), providing c^jacity for about 2 
extra kb of DNA. Combined with the aqjproximately 5.5 kb of DNA that is 
replaceable in the El and E3 regions, the maximum capacity of the current 
Adenovirus vector is under 7.5 kb, or about 15% of the total length of the vector. 
More than 80% of the Adenovirus viral genome remains in the vector backbone 
and is the source of vector-borne cytotoxicity. 

As used herem, the tenn "recombinant" cell is intended to refer to a cell 
into which a recombinant gene, such as a gene from the adenoviral genome has 
been introduced. Therefore, recombinant cells are distinguishable from naturally 
occurring cells which do not contain a recombinantly introduced gene. 
Recombinant cells are thus cells having a gene or genes mtroduced through the 
hand of man. Within the present disclosure, the recombinantly mtroduced genes 
encode radiation sensiti2dng or radiation protecting factors and are inserted in the 
El or E3 region of the adenovirus genome. It is recognized that the present 
invention also encompasses genes that are inserted into other regions of the 
adenovirus genome, for example the E2 region. 

It is understood that the adenovirus vector construct may therefore, comprise 
at least 10 kb or at least 20 kb or even about 30 kb of heterologous DNA and still 
replicate in a helper cell. By "replicate in a helper cell," it is meant that the vector 
encodes all the necessary cis elements for replication of the vector DNA, 
expression of the viral coat structural proteins, packaging of the replicated DNA 
mto the viral capsid and ceU lysis, and further that the traas elements are provided 
by the helper cell DNA. Replication is determined by contacting a layer of 
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uninfected cells with virus particles and incubating said cells. The formation of 
viral plaques, or cell free areas in the cell layers is indicative of viral replication. 
These techniques are well known and routinely practiced in the art. It is 
understood that the adenoviral DNA that stably resides in the helper cell may 
comprise a viral vector such as an Herpes Simplex virus vector, or it may comprise 
a plasmid or any other form of episomal DNA that is stable, non-cytotoxic and 
replicates in the helper cell. 

By heterologous DNA is meant DNA derived from a source other than the 
adenovirus genome which provides the backbone for the vector. This heterologous 
DNA may be derived from a prokaryotic or a eukaryotic source such as a 
bacterium, a virus, a yeast, a plant or animal. The heterologous DNA may also be 
derived from more than one source. For instance, a promoter may be derived from 
a virus and may control the expression of a structural gene from a different source 
such as a mammal. Preferred promoters include viral promoters such as the SV40 
late promoter from shnian virus 40, the Baculovirus polyhedron enhancer/promoter 
element, RSV, Herpes Simplex Virus tiiymidine kinase (HSV tk), the immediate 
early promoter from cytomegalovfrus (CMV) and various retroviral promoters 
including LTR elements. 



The promoters and enhancers that comprise the heterologous DNA will be 
those that control the transcription of protein encoding genes in mammalian cells 
may be composed of multiple genetic elements. The term promoter, as used herein 
refers to a group of transcriptional control modules that are clustered around the 
25 initiation site for RNA polymerase II. Promoters are believed to be composed of 
discrete functional modules, each comprising approximately 7-20 bp of DNA, and 
containing one or more recognition sites for transcriptional activator proteins. At 
least one module in each promoter functions to position the start site for RNA 
synthesis. The best known example of this is the TATA box, but in some 
promoters lacking a TATA box, such as the promoter for the mammalian terminal 
deoxynucleotidyl transferase gene and the promoter for the SV 40 late genes, a 
discrete element overlying the start site itself helps to fix the place of initiation. 
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Additional promoter elements regulate the frequency of transcriptional 
initiation. Typically, these are located in the region 30-110 bp upstream of the 
start site, although a number of promoters have recently been shown to contain 
functional elements downstream of the start site as weU. The spacing between 
elements is flexible, so that promoter function is preserved when elements are 
inverted or moved relative to one another. Depending on the promoter, it appears 
that individual elements can function either cooperatively or indqnnidently to 
activate transcription. 



The heterologous DNA of the present invention may also comprise an 
enhancer. The basic distinction between enhancers and promoters is operational. 
An enhancer region as a whole must be able to stimulate transcription at a distance; 
this need not be true of a promoter region or its component elements. On the other 
hand, a promoter must have one or more elements that direct initiation of RNA 
synthesis at a particular site and in a particular orientation, whereas enhancers lack 
these specificities. Aside from this operational distinction, enhances and promoters 
are very similar entities. They have the same general function of activating 
transcription in the cell. They are often overlapping and contiguous, often seeming 
to have a very similar modular organization. Taken together, these considerations 
suggest that enhancers and promoters are homologous entities and that the 
transcriptional activator proteins bound to these sequences may interact with the 
cellular transcriptional machinery in fundamentally the same way. It is understood 
that any such promoter or promoter/enhancer combination may be included in the 
heterologous DNA of the adenoviral vector to control expression of the 
25 heterologous gene regions. 

The heterologous DNA may include more than one structural gene under the 
conu-ol of the same or different promoters. The heterologous DNA may also 
include ribosome binding sites and polyadenylation sites or any necessary elements 
30 for the expression of the DNA in a eukaiyotic or a mammalian cell. These vector 
constructs are created by methods well known and routinely practiced in the art 
such as restriction enzyme digestion foUowed by DNA ligase directed splicing of 
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the various genetic elements. The heterologous DNA may further comprise a 
constitutive promoter. A constitutive promoter is a promoter that exhibits a basal 
level of activity that is not under environmental control. Some examples of 
constitutive promoters that may possibly be included as a part of the present 
mvention include, but are not limited to, intermediate-early CMV 
enhancer/promoter, RSV enhancer-promoter. SV40 early and SV-40 late 
enhancer/promoter, MMSV LTR, SFFV enhancer/promoter, EBV origin of 
replication, or the Egr enhancer/promoter. However, it is understood that any 
constitutive promoter may be used in the practice of the invention and all such 
promoters/enhancers would fall within the spirit and scope of the claimed 
invention. 



Another type of promoter that may comprise a portion of the heterologous 
DNA is a tissue specific promoter. A tissue specific promoter is a promoter that is 
1 5 active preferentially in a cell of a particular tissue type, such as in the liver, the 
muscle, endothelia and the like. Some examples of tissue specific promoters that 
may be used in tiie practice of tiie invention include the RSV promoter to be 
expressed in the liver or the surfactin promoter to be expressed in the lung, with 
the muscle creatine kinase enhancer combined witii the human cytomegalovirus 
immediate early promoter being the most preferred for expression in muscle tissue, 
for example. 

The cellular exposure to ionizing radiation is associated witii transcriptional 
activation of certain immediate early genes tiiat encode tiwiscription factors 
(Weichselbaum et al, 1991). These genes include members of tiie jun-fos, NF-kB 
and early growth response (EGR-1) gene families (Hallahan et al., 1992; Datta 
et aL, 1992; Brach et al., 1991). The induction of tiiese genes following 
x-iiradiation may represent cellular responses to oxidative stress (Datta et al, 1992; 
Brach et al, 1991; Datta et al, 1993). Previous studies have demonstrated tiiat 
induction of Egr-1 gene ti^cription is mediated by activation of CC(A+T 
rich)gGG(CArG) motifs in tiie Egr-1 promoter (Datta et al, 1993; Datta et al., 
1992). 
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In certain embodiments, the present invention is a method of expressing an 
antisense RNA molecule in a mammalian cell. This method would comprise the 
steps of obtaining an adenoviral vector construct comprising more than 7.5 kb of 
heterologous DNA, replicating the adenoviral vector construct in a helper cell, 
obtaining virion particles produced by the helper cells and infecting mammalian 
cells with the virion particles. 

The c-Abl antisense RNA molecule to be expressed as described in the 
preceding paragraph may of any origin, for example, an animal or a human gene. 
Preferably the adenovirus vector construct contains a deletion in the El or E3 
region of the genome and the foreign gene is inserted in its place. 

The virion plaques that would be produced by the repUcating viral vector 
and would thus lyse the host cell can be obtained by any acceptable means. Such 
means would include filtration, centrifugation or preferably physical touchmg of 
viral plaques. All such methods of obtaining virion particles and infectmg 
mammalian cells with the particles are well known to those of skill m the art. 

The examples of preferred embodiments disclosed herein utilize human 
20 adenovirus type 5. Type 5 virus was selected because a great deal of biochemical 
and genetic information about the virus is known, and it has historically been used 
for most constructions employing adenovirus as a vector. It is understood, 
however, the adenovirus may be of any of the 42 different known serotypes of 
subgroups A-F. Adenovirus type 5 of subgroup C is the preferred starting material 
25 in order to obtam the conditional replication-defective adenovirus vector for use in 
the method of the present invention. 

By employing a promoter with well-known properties, the level and pattern 
of expression of c-Abl antisense RNA following infection can be optimized. For 
30 example, selection of a promoter which is active specifically in certain cell types 
will permit tissue-specific expression of the antisense molecule. 
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In still further embodiments, the invention relates to a method for increasing 
c-Abl antisense RNA levels in a subject comprising administering to the subject an 
effective amount of a pharmaceutical composition which includes the adenovirus 
vector/c-Abl antisense RNA construct. The inventors propose that an effective 
amount of the vector construct will involve the administration of from about 10^ to 
10^ ^ vims particles, which may be given either as a single bolus injection directly 
into the tumor or as a systemic intravenous infusion over several hours. 



Other than the requirement that the adenovirus vector be replication 
defective, the nature of the adenovirus vector is not believed to be crucial to the 
successful practice of the invention. The adenovirus may be of any of the 42 
different known serotypes or subgroups A-F. Adenovirus type 5 of subgroup C is 
the preferred starting material in order to obtain the conditional replication- 
defective adenovirus vector for use in the method of the present invention. This is 
because Adenovirus type 5 is a human adenovirus of which a great deal of 
biochemical and genetic mformation is known, and it has historically been used for 
most constructions employing adenovirus as a vector. 

In further embodiments, the invention relates to pharaiaceutical 
compositions wherein the adenovirus vector/c-Abl antisense RNA gene construct is 
dispersed in a pharmacologically acceptable solution or buffer. Preferred solutions 
include neutral saline solutions buffered with phosphate, lactate, or Tris, containing 
sucrose or glycerol, and the like. Of course, one will desire to purify the vector 
sufficiently to render it essentially firee of undesirable contaminant, such as 
defective interfering adenovirus particles or endotoxins and other pyrogens such 
that it will not cause any untoward reactions in the individual receiving the vector 
constmct. A preferred means of purifying the vector involves the use of buoyant 
density gradients, such as cesium chloride gradient centrifiigation. 



30 



In that adenovirus is a virus that infects humans, there may be certain 
individuals that have developed antibodies to certain adenovirus protems. In these 
circumstances, it is possible that such individuals might develop an immunological 
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reaction to the vims. Thtis, where an immunological reaction is believed to be a 
possibiUty, one may desire to first test the subject to determine the existence of 
antibodies. Such a test could be performed in a variety of accepted manners, for 
example, through a sunple skin test or through a test of the circulating blood levels 
of adenovirus-neutralizing antibodies. In fact, under such circumstances, one may 
desire to introduce a test dose of on the order of 1 x 10^ to 1 x 10^ or so vims 
particles. Then, if no untoward reaction is seen, the dose may be elevated over a 
period of time until the desired dosage is reached, such as through the 
administration of mcremental dosages of approximately an order of magnitude. 

The particular cell line used to propagate the recombinant adenoviruses of 
the present invention is not critical to the present invention. The recombinant 
adenovirus vectors can be propagated on, e.g., human 293 cells, or in other ceU 
Unas that are permissive for conditional replication-defective adenovirus infection, 
15 e.g., those which express adenovims EIA gene products "m trans" so as to 

complement the defect in a conditional replication-defective vector. Further, the 
cells can be propagated either on plastic dishes or in suspension culture, m order to 
obtain virus stocks thereof. 

20 Liposome Delivery Systems 

Liposomes have been used for more than a decade to introduce exogenous 
DNA mto cells (Mukherfee et al, 1978; Nicolau et al, 1983). The term liposome 
is used to describe different forms of surfactant vesicles consisting of one or more 

25 concentric lipid bilayer spheroids surrounding an aqueous space. Classical 
liposomes consist of fatty acid esters and fat-alcohol ethers of glycerol 
phosphatides. Their net charge is negative under physiological pH conditions due 
to phosphate groups. In recent years, liposomes bearing a positive charge derived 
from quaternary ammonium groups such as JV-(l-(2,3-dioleoyloxy)p^opyl).^:^:JV. 

30 trimethylammonium chloride {DOTMA)^ (Feigner et aU 1987) have been 

introduced. These cationic liposomes interact strongly with ceUular membrane 
which are themselves negatively charged. In contrast to classic liposomes they do 
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not encapsulate or entrap DNA but bind it at their surface. Another group of 
liposomes consists of nonionic surfactant vesicles. While classical phospholipid- 
based liposomes are of low toxicity, the toxicity and antigenicity of the partially 
synthetic cationic and nonionic liposomes have not been rigorously evaluated. 

As used herein, exemplary liposome preparations include, but are not 
limited to DOTMA, l,2-dioleyloxypropyl-3-trimethyl ammonium bromide; DOPE, 
dioleoylphosphatidylethanolamine; POPE, 
pahnitoyloleoylphosphatidylethanolamine; DMPE, 

dimyristoylphosphatidylethanolamine; DPPE, dipahnitoylphosphatidylethanolamine; 
DSPE, distearoylphosphatidylethanolamine; PMME, 
dioleoylphosphatidylmonomethylethanolamine; PDME, 

dioleoylphosphatidyldimethylethanolamine; DOPC, dioleoylphosphatidylcholine; 
CPE, dioleoylphosphatidylcaprylamine; DPE, dioleoylphosphaqtidyldodecylamine; 
DORI, l,2-dioleoyl-3-dimethyl-hydroxyethyl ammonium bromide (Dioleoyl 
Rosenthal Inhibitor); or DORIE, I.2-dioleyloxypropyl.3-dimethyl-hydroxyethyI 
ammonium bromide; 



Herpes Simplex Virus 

20 

The present invention also embodies a method using HSV-1 for delivering 
genes for gene therapy. In an exemplary embodiment, the method involves 
combining the gene used for gene therapy with the HSV-I virus rendered non- 
pathogenic. The gene and the virus are then combined with a pharmacologically 

25 acceptable carrier in order to form a pharmaceutical composition. This 

pharmaceutical composition is then administered in such a way that the mutated 
virus containing the gene for therapy, or the HSV-1 wild type virus contaming the 
gene, can be incorporated into cells at an appropriate area. The use of the HSV-1 
virus with a specific mutation in the yj34.5 gene provides a method of therapeutic 

30 treatment of tumorigenic diseases both in the CNS and in all other parts of the 
body (Chou 1992). The "y,34.5 minus" virus can induce apoptosis and thereby 
cause the death of the host cell, but this vims cannot replicate and spread (Chou 
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1992). Therefore, given the abUity to target tumors within the CNS, the yj34.5 
minus virus has proven a powerfiil therapeutic agent for hitherto virtually 
untreatable forms of CNS cancer. Furthennore, use of substances, other than a 
vims, which inhibit or block expression of genes with anti-apoptotic effects in 
5 target tumor cells can also serve as a significant development in tumor therapy and 
in the treatment of herpes virus infection, as well as treatment of infection by other 
viruses whose neurovirulence is dependent upon an interference with the host celb' 
programmed cell death mechanisms. The procedures to generate the above 
recombinant viruses are those pubUshcd by Post and Roizman (1981), and U.S. 
10 Patent No. 4,769,331, incorporated herein by reference. 



Retroviral Delivery 



Retroviruses may also be used to deliver the antisense RNA constructs to 
the host target tissues. These viruses in which the 3' LTR (linear transfer region) 
has been inactivated. They are enhanceriess 3'LTR's, often referred to as self- 
inactivating viruses because after productive infection into the host ceU, the 3'LTR 
is transferred to the 5' end and both viral LTR's are inactive with respect to 
transcriptional activity. A use of tiiese viruses well known to tiiose skilled in tiie 
art is to clone genes for which the regulatory elements of the cloned gene are 
inserted in tiie space between the two LTR's. An advantage of a viral infection 
system is that it allows for a very high level of infection into the appropriate 
recipient cell. 



25 Pharmaceutical Compositions 



In another aspect, the present invention contemplates a pharmaceutical 
composition comprising a therapeutically effective amount of at least one genetic 
construct of the present invention and a physiologically acceptable carrier. 

30 
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A therapeutically effective amount of a genetic construct that is combined 
with a carrier to produce a single dosage form varies depending upon the host 
treated and the particular mode of administration. 

5 As is well known in the art, a specific dose level for any particular patient 

depends upon a variety of factors including the activity of the specific compound 
employed, the age, body weight, general health, sex, diet, time of administraUon. 
route of administration, rate of excretion, drug combination, and the severity of the 
particular disease undergoing therapy. 

10 

A composition of the present invention is typically administered orally or 
parenterally in dosage unit formulations containing standard, well known nontoxic 
physiologically acceptable carriers, adjuvants, and vehicles as desired. The term 
parenteral as used herein includes subcutaneous injections, intravenous, 
15 intramuscular, intraarterial injection, or infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or oleaginous 
suspensions are formulated according to the known art using suitable dispersing or 
wetting agents and suspending agents. The sterile injectable preparation can also 
20 be a sterile injectable solution or suspension in a nontoxic parenterally acceptable 
diluent or solvent, for example, as a solution in 1,3-butanediol. 

Among the acceptable vehicles and solvents that may be employed are 
water, Ringer's solution, and isotonic sodium chloride solution. In addition, sterile, 
25 fixed oils are conventionally employed as a solvent or suspending medium. For 
this purpose any bland fixed oil can be employed including synthetic mono- or di- 
glycerides. In addition, fatty acids such as oleic acid find use in the preparation of 
injectables. 



30 



A genetic construct of the present invention can also be complexed with a 
poly(L-Lysine)(PLL)-protein conjugate such as a transferrin-PLL conjugate or an 
asialoorosomucoid-PLL conjugate. 
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Liquid dosage forins for oral administration include pharmaceutically 
acceptable emulsions, syrups, solutions, suspensions, and elixirs containing inert 
diluents commonly used in the art, such as water. Such compositions can also 
comprise adjuvants, such as wetting agents, emulsifying and suspending agents, and 
sweetening, flavoring, and perfuming agents. 

The following examples are included to demonstrate preferred embodiments 
of the invention. It should be appreciated by those of sldU in the art that the 
techniques disclosed in the examples ^ch follow represent techniques discovered 
by the inventor to function well in the practice of the invention, and thus can be 
considered to constitute preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate that many changes can 
be made in the specific embodiments which are disclosed and still obtain a like or 
similar result without departing from the spirit and scope of the invention. 

15 

EXAMPLE I 

Alkylating Agents Activate the Lyn Tyrosine Kinase 
and Promote Tyrosine Phn^ phorvlatinn «f p^^cdc2 

20 A. Materials and Methods 



10 



Cell culture. HL-60 cells were grown in RPMI-1640 medium containing 
150/0 heat-inactivated fetal bovine serum (FBS) supplemented with 100 units/ml 
penicillin, 100 mg/ml streptomycin, 2 mM L-glutamine, 1 mM sodium pyruvate 
25 and 1 mM non-essential amino acids. Cells were treated with MMC (Sigma 

Chemical Co., St. Louis, MO), adozelesin (Sigma), cis-platinum (Sigma), nitrogen 
mustard (Sigma), genistein (GIBCO/BRL, Gaithersburg, MD), herbimycin A 
(GIBCO/BRL) and H-7 (Seikagaku Ainerica Inc., RockviUe, MD). Cell viabiUty 
was determined by trypan blue exclusion. 



30 



Immune complex kinase assays. Cells (2-3 x 10^) were washed twice 
with ice cold phosphate buffered saline (PBS) and lysed in 2 mi of lysis buffer (20 
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mM Tris. pH 7.4, 150 mM NaCl, 1% NP-40, 1 mM sodium vanadate, 1 mM 
phenylmethylsulfonyl fluoride, 1 mM DTT and 10 mg/ml of leupeptin and 
aprotinin). After incubation on ice for 30 min, insoluble material was removed by 
centrifugation at 14000 ipm for 10 min at 4«C. Soluble proteins were precleared 
by incubating with 5 mg/ml rabbit-anti-mouse IgG for 1 h at 4«C and then for an 
additional 30 min after addition of protein A-sepharose. 

The supernatant fi^on was incubated with pre-immune rabbit serum. 
anti-Fyn. anti-Lyn, anti-Src (UBI, Lake Placid, NY) or anti-cdc2 (sc-54, Santa Cruz 
Biotechnology, Santa Cruz, CA) antibodies for 1 h at 4-C foUowed by 30 min after 
addition of protein A-sepharose. The immune complexes were washed three times 
with lysis buffer and once with kinase buffer (20 mM HEPES, pH 7.0. 10 mM 
MnClj and 10 mM MgCl2) and resuspended in 30 ml of kinase buffer containing 1 
mCi/ml [y.32p]ATP (3000 Ci/mmol; MEN, Boston, MA) with and without 5-8 mg 
of acid-treated enolase (Sigma). The reaction was incubated for 15 min at 30«C 
and terminated by the addition of 2x SDS sample buffer. The proteins were 
separated in 10% SDS-polyacrylamide gels and analyzed by autoradiography. 
Radioactive bands were excised from certain gels and quantitated by scintillation 
counting. 

Immune complexes were also resuspended in 30 ml kinase buffer containing 
1 mCi/ml [y-32pj^jp ^.^^^ ^ ^^^^ pgpxifie (amino acids 7 to 20; 
lEKIGEGTYGWYK; SEQ ID NO:3) or 100 mM mutated cdc2 peptide with 
Phe-15 substituted for Tyr-15 (IEKIGEG1TGWYK; SEQ ID NO:4). The 
reactions were incubated for 15 min at 30«C and terminated by spotting on P81 
phosphocellulose discs (GIBCO/BRL). The discs were washed twice with 1% 
phosphoric acid and twice with water before analysis by liquid scintillation 
counting. 



30 



Immunoblot analysis. Immune complexes bound to protein A-sepharose 
were prepared as for the autophosphorylation assays. Proteins were separated in 
10% SDS-polyacrylamide gels and transferred to nitrocellulose paper, the residual 
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binding sites were blocked by incubating the filters in 5% dry milk in PBST 
(PBS/0.05% Twecn-20) for 1 h at room temperature. The blots were subsequently 
incubated with anti-cdc2 or anti-phosphotyrosine (anti-P-Tyr; MAb 4G10, UBI). 
After washing twice with PBST. the filters were incubated for 1 h at room 
temperature with anti-mouse IgG (whole molecule) peroxidase conjugate (Sigma) in 
5% milk/TBST. The filters were then washed and the antigen-antibody complexes 
visualized by the ECL detection system (Amersham, Arlington Heights, IL). 

Coimmnnoprecipitation. Immunoprecipitations were performed with 
anti.p34«*«2 5 ^^^^ ^^^^ Immune complexes were coUected on protein 
A-Sepharose beads (Pharmacia), washed three times with lysis buffer and twice 
with kinase buffer, resuspended in kinase buffer and then incubated for 10 mm at 
SO'C in the presence of 1 mCi/ml [y-32p]ATP. One aUquot of the kinase reaction 
was subjected to SDS-PAGE and autoradiography. The other aliquot was washed 
in lysis buffer to remove free ATT and then boiled in 20 mM Tris-HCl. pH 8.0 
containing 0.5% SDS and 1 mM DTT to disrupt protein-protein interaction. After 
dilution to 0.1% SDS, a secondary immunoprecipitation was then perfonned by 
addmg anti-Lyn antibody and protein A-Sepharose beads. The anti-Lyn 
immunoprecipitatcs were then subjected to SDS-PAGE and autoradiography. 



Fusion protein binding assays. The plasmid encoding a glutathione 
S-transferase (GST)-Lyn (amino acids 1 to 243) fiision protein was obtained from 
T. Pawson, Toronto, Canada and transfected into E. coli DH5a (Pleiman et al., 
1993). The fusion protein was induced with IPTG, purified by affmity 

25 chromatography usmg glutathione-Sepharose beads (Pharmacia) and equilibrated in 
lysis buffer. HL-60 cell lysates were incubated with 50 mg immobilized GST or 
GST-Lyn for 2 h at 4°C. The protein complexes were washed three times with 
lysis buffer and boiled for 5 min in SDS sample buffer. The complexes were then 
separated in 10% SDS-PAGE and subjected to silver staining or immunoblot 

30 analysis with anti-cdc2. 
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B. Results 



Previous studies have demonstrated that HL-60 cells express the p59^", 
p56/p53'y" and pp60^-s"= tyrosine kinases (Bamekow & Gessier. 1986; Gee et al., 
1986; Katagiri et ai, 1991). In this example, the inventors have shown that certain 
of these tyrosine kinases are activated during treatment of HL-60 cells with MMC. 

Immunoprecipitates from control and MMC-treated cells were assayed for 
autophosphorylation. There was no detectable kinase activity in precipitates 
obtained with pre-immune rabbit serum (FIG. lA). Other studies with an anti-Fyn 
antibody demonstrated that autophosphorylation of p59fy" is decreased at 1 h of 
MMC treatmem (FIG. IB). Similar results were obtained at multiple time points 
through 6 h of MMC exposure. In contrast, immunoprecipitates with anti-Lyn 
demonstrated an increase in p56/p53'yn activity as a result of MMC exposure 
(FIG. IC). The finding that anti-Src immunoprecipitates also exhibited a decrease 
in pp60*^-s"^ activity in MMC-treated cells (FIG. ID) suggests that MMC exposure 
is associated with selective activation of p56/p53'y". 

Activation of p56/p53'y" was confirmed at different concentrations of MMC 
and by assaying for phosphorylation of the substrate protein enolase. Increases in 
p56/p53»y" activity were found at ID'S and ic'^ M MMC, while more pronounced 
stimulation of this kinase was apparent at 10"^ and lO'^ M (FIG. 2A). The results 
further demonstrate that p56/p53'y" activity is rapidly induced in MMC-treated 
cells. Increases in MMC-induced phosphorylation of p56/p53'y" and enolase were 
25 first detectable at 30 min (4.2-fold increase for enolase) and persisted through at 
least 12 h (4.1-fold for enolase) of drug exposure (FIG. 2B). The induction of 
p56/p53'yn activity was not related to cell deadi since viability as determined by 
trypan blue exclusion was >90% at 12 h of MMC treatment. 



Immunoblot analysis was also performed to determine whether the increases 
in p56/p53'yn activity were due to a greater abundance in protein. The results 
demonstrate similar levels of p56/p53'y" protein (HG. 2C). These findings 
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supported a rapid and prolonged activation of p56/p53'y" in response to MMC 



treatment. 



In order to confirm that activation of p56/p53»yn is associated with tyrosine 
phosphorylation, tiie anti-Lyn immune complexes were assayed by immunoblotting 
with anti-P-Tyr. The results demonstrate an increase in tyrosine phosphorylation of 
p56/p53'y" from MMC-treated as compared to control cells (FIG. 3A). Analysis of 
the anti-Lyn immunoprecipitates by immunoblotting with anti-Lyn confirmed the 
presence of similar levels of protein after MMC treatinent (FIG. 3B). 



The involvement of tyrosine phosphorylation was further supported by tiie 
demonstration that preti-eatinent of cells witii tiie tyrosine kinase inhibitors, 
genistein (Akiyama et al, 1987) and herbimycin A (Uehara et al., 1989) 
completely blocks tiie stimulation of p56/p53'y« activity associated witii MMC 
15 treatinent (FIG. 4A). In contrast, preti-eatment witii tiie isoquinoline sulfonamide 
inhibitor of serine/tiireonine protein kmases, H-7 (Hidaka et al., 1984), had no 
detectable effect on the MMC-induced activity (FIG. 4B). These effects of MMC 
on induction of p56/p53'y" could be related to direct interaction of tiiis agent witii 
Lyn kinase. However, incubation of anti-Lyn immune complexes in tiie presence 
of MMC was associated witfi a decrease in kinase activity (FIG. 4C). Taken 
togetiier, tiiese fmdings indicated tiiat MMC induces tiie tyrosine kinase activity of 
pSe/pSS'y" by an indirect mechanism. 



The available evidence indicates tiiat MMC acts as a monofunctional and 
25 Afunctional alkylating agent (Cairano et al., 1979). Consequentiy, adozelesin, 
anotiier monofunctional but stnicttirally distinct alkylating agent (Bhuyan et al, 
1992; Hurley et al., 1984), was investigated. The results demonstrate tiiat 
ti-eatment of HL-60 cells witii adozelesin is similarly associated witii stimulation of 
p56/p53'>'" and enolase phosphorylation (HG. 5A). Otiier stiidies were performed 
witii agents tiiat also induce tiie formation of DNA cross-links. Nitrogen mustard, 
an agent tiiat forms monoadducts and DNA mterstrand cross-lmks (Ewig & Khon, 
1977; Hartley et al., 1992), was effective in inducing p56/p53'yn activity 



30 
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(FIG. 5B). Moreover, treatment of cells with cis-platinum. an agent that forms 
intrastrand cross-links (Sherman & Lippard, 1987), was associated with stimulation 
of the p56/p53'yn kinase (FIG. 5C). These findings indicated that the response of 
cells to diverse alkylating-type agents induces activation of p56/p53*y". 

In order to examine the significance of p56/p53'y" activation, the 
association of this kinase with specific intracellular proteins that undergo tyrosine 
phosphorylation in MMC-trcated cells was investigated. This issue was initially 
addressed using a GST-Lyn fusion protein to identify molecules which interact with 
p56/p53Jyn. Lysates from MMC-treated cells were incubated with immobilized 
GST or GST-Lyn. Analysis of the adsorbates by SDS-PAGE and staining 
demonstrated the presence of a 34 kD protein. 

The inventors assayed the adsorbates for reactivity with anti-cdc2. The 
15 results indicate that p34'=dc2 associates with the GST-Lyn fusion protein and not the 
GST control (FIG. 6A). The potential interaction between p56/p53'y" and p34«*«=2 
was further examined in coimmunoprecipitation studies. Lysates of control and 
MMC-treated cells were subjected to immunoprecipitation with anti-cdc2 and the 
immunoprecipitates were assayed for autophosphorylation (HG. 6B). One aliquot 
of the in vitro kinase reaction was assayed by SDS-PAGE and autoradiography. 
WHle immunoprecipitates from MMC-treated cells exhibited phosphorylation of 
53-56 kD proteins, there was little if any of this activity in control cells (FIG. 6B). 
In order to determine whether the anti-cdc2 immunoprecipitates contain p56/p53'y", 
the other aliquot of the in vitro kinase reaction was treated to disrupt protein 
complexes and then subjected to immunoprecipitation with anti-Lyn. The results 
demonstrate increased levels of autophosphorylated p56/p53'y" when assaying 
MMC-treated as compared to control cells (FIG. 6B). 



20 
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30 



The finding that MMC exposure induces an interaction between p56/p53'y" 
and p34*='*^2 p^nipted further studies to determine whether p34^^*=2 exhibits 
increased tyrosine phosphorylation in MMC-treated cells. Immunoprecipitation of 
p34'=«*'=2 ajjd ^gjj immunoblotting of the precipitates with anti-P-Tyr demonstrated 
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an increase in reactivity as a result of MMC treatment (FIG. 7A). Reprobing the 
filter with the anti-cdc2 antibody demonstrated similar levels of p34"*<^2 pro^in 
(FIG. 7B). Since these findings indicated that MMC treatment is associated with 
increased tyrosine phosphorylation of p34«*c2 ^^^^ performed to 

determine whether p56/p53'y" can phosphorylate p34*^*''^2 ^ 

In order to study a potential phosphorylation site for Src-like kinases located 
at Tyr-lS of p34«*=^ synthetic peptides were prepared with sequences derived 
from amino acids 7 to 20 of p34«lc2 ^^^^^ substitution at Tyr-15 with 
Phe-15. While anti-Lyn immune complexes from conu-ol cells phosphorylated the 
cdc2 peptide, similar complexes from MMC-treated cells exhibited nearly a 2-fold 
stimulation in this activity (FIG. 8). In contrast, there was UtUe phosphorylation of 
the mutated cdc2 peptide with anti-Lyn complexes from control or MMC-treated 
cells (FIG. 8). These findings indicated that p56/p53'yn phosphoiylates the Tyr-lS 
15 siteofp34«*<=2 

The present results demonstrate that tteatment of HL-60 cells with MMC is 
associated with selective activation of the p56/p53'yn tyrosine kinase. These 
findings are not limited to HL.60 cells since other cell lines, for example U.937 
myeloid leukemia cells, also respond to this agent with increases in p56/p53'yn 
activity. 

The lyn gene encodes two forms of the tyrosine kinase, p56'y" and p53^y", 
due to alternate mRNA splicing (Yamanashi et al., 1987; Yamanashi et al., 1989). 
As a member of the Src-like family of tyrosine kmases, p56/p53'y" is related to 
pp60*=-^'^ and p59fy" (Cantley et al., 1991). However, only p56/p53'y" was 
activated in MMC-treated cells. These kinases are often associated with cell 
surface receptors at the interface between the ceU membrane and cytoplasm. 
Studies of p56/p53^y" in B cells have demonstrated an association with the B-cell 
antigen receptor (Pleiman et al., 1993; Yamanashi et al., 1992). Engagemem of 
the B-cell antigen receptor induces activation of p56/p53'y", as well as other 
Src-like kinases, and tyrosine phosphorylation of substrates that include PLCg2, 
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MAP kinase and GAP (Pleiman et a/., 1993). Other studies have shown that 
p56/p53>y" associates with the 85 kDa a-subunit of PI 3-K and induces PI 3-K 
activity (Yamanashi et al, 1992). Thus. p56/p53»y" is capable of associating with 
and phosphorylating diverse downstream effector molecules. 

Although the cellular effects of alkylating agents such as MMC are 
generally attributed to DNA damage, their action may be related to alkylation of 
RNA or protein. The demonstration that MMC treatment of intact cells is 
associated with activation of p56/p53Jy" raised the possibility that this effect might 
be due to direct alteration of Lyn protein. p56/p53'y" acUvity was however 
decreased in vitro by incubation of anti-Lyn immune complexes with MMC. In 
order to address the possibility that MMC-induced activation of p56/p53>yn is 
related to formation of DNA lesions, another agent, adozelesin, was used that 
covalently binds to the N-S of adenine within the minor groove of DNA (Bhuyan 
15 et al, 1992; Hurley et al, 1984). Adozelesin also induces p56/p53'y° activity. 

HL-60 cells also respond similarly to other alkylating agents, such as 
nitrogen mustard which reacts predominantly with guanines by alkylation of their 
N-? positions or forms DNA interstrand cross-links (Ewig & Khon, 1977; Hartley 
et al, 1992). Moreover. p56/p53'y" activity was stimulated by cis-platinmn which 
induces intrastrand cross-links (Sherman & Lippard. 1987). Thus, structurally 
distinct agents that damage DNA by diverse mechanisms are capable of inducing 
p56/p53'y" activity. Recem studies have demonstrated that treatment of HeLa cells 
with ultraviolet (UV) irradiation is associated with increases in the catalytic activity 
25 of c-Src and c-Fyn. but not that of c-Yes (Devary et al , 1 992). Taken together 
with the absence of detectable pp60<=-«^c or p59^" activation in MMC-treated 
HL-60 cells, these results suggest that induction of these tyrosine kinases may be 
cell-type or agent specific. 



20 



30 



The p34«*'=2 serine/threonine protein kinase controls entry of cells into 
mitosis (Nurse. 1990; Pines & Hunter, 1990). This kinase is regulated by networks 
of kinases and phosphatases that appear to respond to the state of DNA replication. 
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Activation of p34<=«*'=2 involves association with cyclin B and posttranslational 
modifications of the p34*^^^2/j,y^,ijj q complex (Norbury & Nurse, 1992). 
Phosphorylation of p34'^d<=2 required for activation (Atherton-Fessler 

et ai, 1993; Desai et al„ 1992; Solomon et ai, 1992), while Tyr-15 
5 phosphorylation results in inhibition of both p34°**<=2 ^^^ity and entry of cells into 
mitosis (Gould & Nurse, 1989; Gould et ai, 1990). 

Studies have demonstrated that treatment of mammalian cells with 
alkylating and other DNA-damaging agents is associated with G2 arrest (Konopa, 

10 1988; Lau & Pardee, 1982; Tobey, 1975). However, the precise mechanisms 
responsible for this effect have remained unclear. Exposure of cells to ionizing 
radiation is associated with rapid inhibition of p34«*^ activity and Gj arrest (Lock 
& Ross, 1990). Other studies have demonstrated that arrest of nitrogen 
mustard-treated cells at Gj is temporally related to formation of DNA cross-links 

15 and p34*^'*°2 inhibition (O'Connor et ai, 1992). In the present studies, it is 

demonstrated that MMC treatment results in rapid tyrosine phosphorylation of 
p34cdc2 sijniiar findings have been obtained in cells treated with ionizing 
radiation (see following Examples). This modification of p34«'«=2 associated 
with loss of kinase activity as determined by assaying anti-cdc2 immunoprecipitates 

20 for phosphorylation of HI histone. Thus, the phosphorylation of p34<=«*c2 

tyrosine appears to represent in pan the response of mammalian cells to DNA 
damage and may contribute to Gj arrest by inhibition of p34«*'=2 activity. 

The available evidence indicates that the pl07^««l dual-specificity kinase is 
25 responsible for phosphorylation of p34'='*'^2 (Featherstone & Russell, 

1991; Parker et al., 1991; Parker et al, 1992). While pl07«'«=l appears to control 
p34«*'=2 activity to ensure completion of S-phase, other studies suggest that 
pl07^^ is not required for the DNA-damage-dependent mitotic checkpoint. In this 
context, normal mitotic arrest has been observed after irradiation of 
30 Schizosaccharomyces pombe cells with a defective or missing weel gene (Barbet & 
Carr. 1993). Other smdies have shown that p34«*'=2 phosphorylated on tyrosine 
in yeast weel minus mutants (Gould et ai, 1990). The present results in 
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mammalian cells suggest that regulation of p34^^^^ following exposure to 
alkylating agents involves activation of p56/p53'y". The association of p56/p53'y" 
and p34«='»^2 M^c-treated cells, as well as the finding that p56/p53'y" can 
phosphoryiate the Tyr-15 site of p34'=dc2 possibility that 

p56/p53»yn contributes to signaling from the mitotic checkpoint that monitors for 
alkylating agent-induced damage. 
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EXAMPLE n 
Ionizing Radiation Activates the Lyn Tyrosine Kinase 
and Promotes Tyrosi ne Phosphorvlatinn nf pXjCdcI 

Treatment of human HL-60 myeloid leukemia cells with ionizing radiation 
is associated with activation of the Lyn tyrosine kmase. The lyn gene encodes two 
forms of this kinase. p56«y" and p53«y". as a result of alternate splicing (Yamanashi 
ei al, 1987; 1989). Both p56/p53'y". but not certain other Src-related kinases, are 
activated in irradiated HL-60 cells. Activation of p56/p53'y" represents a signaling 
pathway distinct from those involved in X-ray-induced early response gene 
expression. 



HL-60 myeloid leukemia cells were grown in RPMI-I640 medium 
containing 15% heat- inactivated fetal bovine serum (FBS) supplemented with 100 
units/ml penicUIin, 100 mg/ml streptomycin. 2mM L-glutamine, ImM sodium 
pyruvate and ImM non-essential amino acids. Cells in logarithmic growth phase 
were suspended in complete RPMI-1640 medium with 0.5% FBS 18 hours prior to 
25 irradiation. 

Irradiation was performed at room temperanire using a Gammacell 1000 
(Atomic Energy of Canada, Ottawa) under aerobic conditions with a ^^"^Cs source 
emitting at a fixed dose rate of 13.3 Gy/min as determined by dosimetry. HL-60 
30 cells were also treated with 50 mM H2O2 (Sigma Chemical Co., St Louis, MO), 
30 mM N-acetyl cysteine (NAC; Sigma), 10 ^iM genistein (GIBCO/BRL, 
Gaithersburg, MD) or 10 ^iM herbimycin A (GIBCO/BRL). 
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Cells (2-3 X lO*^) were washed twice with ice cold phosphate buffered saline 
(PBS) and lysed in 2 ml of lysis buffer (20 mM Tris, pH 7.4, 150 mM NaCl, 1% 
NP-40, 1 mM sodium vanadate, 1 mM phenylmcthylsulfonyl fluoride, 1 mM DTT, 
and 10 mg/ml of leupeptin and aprotinin). After incubation on ice for 30 min, 
insoluble material was removed by centrifugation at 1400 rpm for 10 min at 4«C. 
Soluble proteins were precleared by incubation with 5mg/ml rabbit anti-mouse IgG 
for 1 hour at 4«»C and then addition of protein A sepharose for 30 min. 

The supematants were incubated with 2.5 jil of anti-human Fyn, 2 jil of 
anti-human Lyn, 3 ^1 of anti-human Lyk (N-terminal) or 3 ^1 of anti-Src antibody 
(UBI, Lake Placid, NY) for 1 hour at 4«'C followed by 30 min with protein A- 
sepharose. The immune complexes were washed three times with lysis buffer, once 
with kinase buffer (20 mM HEPES, pH 7.0, 10 mM MhClj and 10 mM MgCl2) 
and resuspended in 30 jil of kinase buffer containing 1 mCi/ml [y-32p]ATP (3000 
Ci/mmol; NEN, Boston, MA). The reaction was incubated for 10 min at SO^C and 
terminated by the addition of 2x SDS sample buffer. The proteins were resolved in 
10% SDS-polyacrylamide gels, dried and analyzed by autoradiography. 

Immune complexes as prepared for autophosphorylation assays were washed 
three times with lysis buffer and once with kinase buffer. The beads were 
resuspended in 30 til of kinase buffer containing I mCi/ml [y-32p]ATP and 3-5 mg 
of acid treated enolase (Sigma). The reaction was incubated for 10 min at 30«'C 
and terminated by the addition of 2 x SDS sample buffer. The proteins were 
resolved by 10% SDS-PAGE. Equal loading of the enolase was determined by 
25 staining with Coomassie blue. The gels were then destained and analyzed by 

autoradiography. Radioactive bands were also excised from the gel and quantitated 
by scintillation counting. 
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Previous studies have demonstrated that p59^ and p56/p53'y" are 
expressed in HL-60 cells (Katagiri et al, 1991). Using autophosphorylation assays, 
the present inventors herein show that irradiation of HL-60 cells with 200 cGy was 
associated with little if any change in p59^" activity at 15 min and 12 hours 
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(FIG. 9A). A more detailed analysis between those time points revealed similar 
findings. In contrast, p56/p53'y" activity was increased at both 1 5 min and 12 
hours after irradiation as compared to that in untreated cells (FIG. 9B). Studies of 
p56^^^ demonstrated little detectable activity in HL-60 cells before or after 
exposure to ionizing radiation (FIG. 9C). These findings show that p56/p53'yn is 
selectively activated in HL-60 cells by ionizing radiation. This conclusion is 
fiirther supported by the absence of an increase in c-Src activity following 
irradiatioiL 



10 



HL-60 cells were also irradiated with 200 cGy and immunoprecipitates 
assayed for both p56/p53^y" autophosphorylation and enolase (a substrate protein) 
phosphorylation. Irradiation was associated with an increase in p56/p53'y" 
autophosphorylation at 5 min that persisted through 12 hours (FIG. lOA). 
However, assays at 24 hours after X-ray treatment revealed declines in p56/p53'y" 
15 signals (FIG. lOA). 



Similar findings were obtained when usmg enolase as the substrate. WhOe 
stimulation of p56/p53'y" autophosphorylation was less apparent under these 
conditions, increases in enolase phosphorylation were clearly detectable when 
comparing anti-Lyn immunoprecipitates firom control and irradiated HL-60 cells 
(FIG. lOB). This increase in activity was rapid and sustained for at least 12 hours 
(FIG. lOB). Quantitation of ^^P-mcoiporation into enolase by scintillation 
counting demonstrated X-ray-induced increases in p56/p53'y" activity of 
approximately 3-fold at 15 mm to 12 hours (FIG. lOB). As observed in 
autophosphorylation studies, enolase phosphorylation was also decreased at 24 
hours (FIG. lOB). 



Similar studies were performed at different doses of ionizing radiation 
(FIG. 1 1). Treatment with 25 cGy had little if any effect on phosphorylation of 
p56/p53'y" or enolase. Doses of 50 cGy, however, were associated with increase 
in p56/p53'y" activity (FIG. 1 1). Moreover, on the basis of enolase phosphory- 
lation there was an apparent dose-dependent stimulation of this kinase (FIG. 1 1). 
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The cellular effects of ionizing radiation are believed to be related to direct 
interaction of X-rays with DNA or through the formation of reactive oxygen 
intermediates (ROIs) which damage DNA and cell membranes (HaU. 1988). While 
the role of different classes of ROIs in activation of the Src-like kinases is unclear, 
recent studies have demonstrated that H2O2 and diamide, which oxidize free 
sulfhydryl groups in cells, activate pSS^*^^ in T ceUs (Nakamuia et aL, 1993). 

HL-60 cells were either treated with HjOj for the indicated times or 
prelreated with 30 mM NAC for 1 hour, irradiated (200 cGy) and harvested at 12 
hours. Irradiated HL-60 cells treated with H2O2 did not show a detectable increase 
in phosphorylation of p56/p53'y" or enolase (FIG. 12A). Cells were also treated 
with the antioxidant NAC (Roederer et al., 1990; Staal et aL, 1990), an agent that 
abrogates oxidative stress by scavenging certain ROIs and increasing intracellular 
glutathione levels (Aruoma et al., 1989; Burgunder et al, 1989). NAC had Utde 
15 effect on X-ray-induced p56/p53'yn activity (FIG. 12A), while this agent 

completely blocks induction of c-jun and EGR-1 gene expression in irradiated HL- 
60 cells (Datta et al, 1992b; 1993). 

HL.60 cells were treated with 10 herbimycin (H) or 10 genistein 
20 (G) for 1 hour, irradiated (200 cGy) and then harvested at 12 hours. Cell lysates 
were immunoprecipitated with anti-Lyn and the immunoprecipitates were analyzed 
for phosphorylation of p56/p53'y" and enolase. In marked contrast, the tyrosine 
kinase inhibitors, herbimycin and genistein inhibited X-ray-induced p56/p53^y" 
activity (FIG. 12B). 

25 

Previous work has demonstrated that both ionizing radiation and H2O2 are 
potent inducers of c-jun gene transcription (Datta et al., 1992b). These two agents 
have also been used to support the role of ROIs in targeting CC(An:)gGG 
sequences to mediate activation of the EGR-1 gene (Datta et al, 1993). The 
30 fmding that such induction of early response gene transcription is inhibited by NAC 
further supports the role of some of these intermediates in X-ray-induced nuclear 
signaling mechanisms. 
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The present invention provides for the activation of p56/p53'y" as a distinct 
cellular response to ionizing radiation and not to HjOj-induced oxidative stress. 
These fmdings contrast work by others which suggested that Src-Iike tyrosine 
kinases, including p56/p53»yn, are not responsible for signaling in irradiated B cells 
(Uckun et al, 1992a). The demonstration that ionizing radiation, and not H2O2. 
induces p56/p53'y" activity by an NAC-insensitive mechanism therefore indicates 
tiiat activation of this tyrosine kinase is independent from those signals responsible 
for X-ray-induced early response gene expression. 

The finding in B cells that p56/p53«y" is functionally associated with the 
cell surface (Yamanashi et al, 1992) suggests that activation of this kinase by 
ionizing radiation may be generated near the plasma membrane rather than in the 
nucleus. Indeed, the available evidence supports the involvement of receptor- 
mediated signaling m the activation of p56/p53'y" (Yamanashi et al., 1992; 
Pleiman et al, 1993). Src-like proteins may be activated through 
dephosphorylation by tyrosine phosphatases (Mustalin & Altman, 1990; Cantley et 
al., 1991; Hartwell & Weinart, 1989) and potentially other mechanisms (Cantley et 
a/., 1991; Hartwell & Weinart, 1989). 

20 In regard to the effect of ionizing radiation on the phosphorylation of 

p34<^d'^2 HL-60 cells were grown in RPMI 1640 medium containing 

15% heat-inactivated total bovine serum supplemented with 100 units/ml penicillin, 
100 Mg/ml streptomycin and 2mM L-glutamine. Exponentially growing cells were 
suspended in serum free media 18 h prior to irradiation. Irradiation was performed 
at room temperature using a Gammacell 1000 (Atomic Energy of Canada, Ottawa) 
with a ^^'^Cs source emitting at a fixed dose rate of 13.3 Gy/min as determined by 
dosimetry. 



15 



25 



Cells were washed twice with ice cold phosphate buffered saline and lysed 
30 in buffer A (10 mM Tris, pH 7.4, 1 mM EGTA, 1 mM EDTA, 50 mM NaCl, 5 

mM P-glycerophosphate, 1% Triton X-100, 0.5% NP-40, 1 mM sodium vanadate, ] 
mM DTT. 1 mM phenylmethylsulfonyl fluoride and 10 ^g/ml of leupeptin and 
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aprotinin). Insoluble material was removed by centrifugation at 14000 rpm for 5 
min at 4«C. Protein concentration was determined by Coomassie Blue staining 
using BSA as standard. 
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Soluble proteins (50 ng) were separated by electrophoresis in 10% SDS- 
polyacrylamide gels and then transferred to nitrocellulose p^er. The residual 
binding sites were blocked by incubating the filter in 5% dry milk in PBST 
(PBS/0.05% Tween 20) for 1 h at room temperature. The filters were then 
incubated for 1 h with either mouse anti-phosphotyrosine (anti-P-Tyr; 4GI0) 
monoclonal antibody (4G10, UBI, Lake Placid, NY) or a mouse anti-p34«*c2 
monoclonal antibody which is unreactive with other cyclin-dependent kinases (sc- 
54; Santa Cruz Biotechnology, Santa Cruz. CA). After washing twice with PBST, 
the blots were incubated with anti-mouse or anti-rabbit IgG peroxidase conjugate 
(Sigma Chemical Co.. St. Louis. Mo). The antigen-antibody complexes were 
15 visualized by chemiluminescence (ECL detection system. Amersham. Arlington 
Heights, IL). 



Immunoprecipitations were performed with anti-P-Tyr or anti-p34<=«*c2 5 
Hg/ml cell lysate. Immune complexes were collected with protein A-Sepharose 
20 (Pharmacia) and immunoprecipitates were analyzed by 10% SDS-PAGE. After 
transfer to nitrocellulose and blocking, immunoblot analysis was performed with 
either anti-p34«l'=2 ^^_p,jy^ ^^^^ appropriate HRP-conjugated 

second antibody using the ECL system. 



25 



30 



HL-60 cells were exposed to 200 cGy ionizing radiation and monitored for 
proteins with increased levels of phosphotyrosine. Using an anti-P-Tyr antibody m 
mimunobiot analyses, reactivity with a protein of approximately 34 kD was 
increased at 1 min after ionizing radiation treatment (FIG. 13A). Similar findings 
were obtained at 5 and 10 min, while reactivity was decreased at 15 min 
(FIG. 13A). The filters were washed and reprobed with an anti-p34«*«^2 antibody. 
The anti-P-Tyr and anti-p34*=dc2 ^-^^ ^^^^ superimposable. Moreover, there was 
little detectable change in p34«*<^2 ^^^^^ j^^^j^ following exposure to ionizing 
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radiation (FIG. 13B). Similar findings were obtained with doses of ionizing 
radiation from 50 to 500 cGy (FIG, I4A). The finding that the signals obtained 
with the anti-p34«i^2 ^^^^ ^^^^ superimposable over those 

found .vith anti-P-Tyr suggested that p34«ic2 ^^^^ phosphorylation on 
tyrosine following ionizing radiation treatment. 

Extracts of irradiated cells were subjected to immunoprccipitation with anti- 
p34cdc2 jjjg immunoprecipitates were then monitored by immunoblotting with 
anti-P-Tyr. The signal for p34«*'=2 increased in irradiated as compared to 
control cells (FIG. 15A). While this result further supported mcreased tyrosine 
phosphorylation of p34^^^\ the filter was washed and reprobed with anti-p34«*«=2 
to assay for levels of p34^^2 ^^^^ ^^^^ anti-p34«»«^2 
were similar in control and hxadiated ceUs (FIG. 15B) indicated that p34cdc2 
undergoes increased phosphorylation on tyrosine foUowing ionizmg radiation 
15 exposure. 
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Activation of p34'^c2 squires association with cyclin B (Pines & Hunter, 
1989; Russel & Nurse, 1987) and certain posttranslational modifications. In 
Schizosaccharomyces pombe. the p34«*<^/cyclm B complex is inactivated by 
phosphorylation of p34'^*^ on tyrosine 15 by Weel (Featherstone & Russell. 1991; 
Parker e/ a/.. 1991; 1992; Gould & Nurse, 1989). Dephosphorylation of p34«»c2 ' 
on Tyr-15 by the cdc25 gene product is necessary for activation of p34«ic2 
entry into mitosis (Gould et al., 1989; Enoch & Nurse, 1990). The weel and cdc25 
gene products thus determine the timing of entry into mitosis by a series of 
phosphorylations and dephosphorylations of p34'^^^. Other work in S. pombe has 
demonstrated that mitotic checkpoints monitor DNA synthesis and the presence of 
DNA damage (Al-Khodairy & Carr, 1992; Rowley ei ai, 1992; Lock & Ross, 
1990). The DNA damage checkpoint evidently regulates p34«*c2 mechanisms 
distinct from those induced by the replication checkpoint (Rowley et al, 1992; 
Lock & Ross, 1990). Other studies have demonstrated that p34<=dc2 ^^^-^ 
is decreased when CHO cells are exposed to 8 Gy ionizmg radiation (Uckun et al. 
1992b). 
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The present invention discloses activation of Src-like tyrosine kinases and 
phosphorylation of tyrosine kinase substrates, such as p34^'^\ as a rapid response 
to ionizing radiation. Inhibition of the radiation-induced activation of those 
tyrosine kinases prevents or inhibits substrate phosphorylation. Because the 
function of those substrates depends on their state of phosphorylation, inhibition of 
phosphorylation alters the function of those substrates. To the extent that substrate 
function is responsible for aU or part of the cascade of changes associated with 
radiation, altering substrate function by inhibition of phosphorylation alters the ceUs 
response to radiation. Thus, the present invention contemplates a process to alter 
the response of ceU to radiation, the process comprising inhibiting tyrosine kinase 
activity. In a preferred embodiment, the tyrosine kinase is a Src-like tyrosine 
kinase of the lyn family. 



EXAMPLE ni 
Activation of c-AbI by DNA Damaging Agents 

Human U-927 cells were exposed to 2 Gy IR and harvested at 1 h. U-937 
and NIH3T3 cells were treated with 2 Gy IR at room temperature for the indicated 
times using a Gammacell 1000 (Atomic Energy of Canada, Ottawa) under aerobic 
conditions widi a ^^'^Cs source emitting at a fixed dose rate of 0.76 By/min as 
determined by dosimetry. The cells were also treated with 10 ^iM mitomycm C 
(MMC, Sigma Chemical Co.. St. Louis, MO) for 1 h or 10 nM cisplatinum 
(CDDP) for 30 min. The cells were swelled in 2 ml of ice cold hypotonic lysis 
buffer [1 mM EGTA, 1 mM EDTA, 10 mM P-glycerophosphate, 2 mM MgCl2. 10 
mM KCl, 1 mM sodium orthovanadatam, 1 mM phenyhnethylsulfonyl fluoride, 1 
mM DTT, 10 ng/ml each of pepstatin, leupeptin and aprotinin] for 30 min and then 
subjected to Dounce homogenization (15-25 strokes, tight pesUe A). 

The resulting lysate was loaded onto 1.5 ml of buffer A [1 M sucrose in 
hypotonic lysis buffer containing the protease and phosphatase mhibitors] and 
centrifuged at 1600g for 15 min to pellet nuclei. The pellet was washed and 
solubilized in buffer A containing 1% NP-40. Anti-c-Abl immunoprecipitations 
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were performed by adding the K12 anti-Abl antibody and Protein A-Sepharose for 
2h at 4''C. 

Nuclear lysates were subjected to inununoprecipitation with anti-abi 
antibody and the immunoprecipitates were assayed for phosphorylation of a 
GST-Crk fusion protein. Immune complex kinase assays were perfonned by 
incubating the resulting protein complexes in kinase buffer [50 mM Tris. pH 7.5, 
10 mM MnCl2, l mM DTT]. with either 5jig GST-Crk( 120-225) or GST.Cric(120- 
212), 2-5 ^Ci[y-32P]ATP (New England Nuclear, Boston, MA) for 30 min at 28«C 
and analyzed by 10% SDS-PAGE and autoradiography. 

In the peptide phosphorylation assays, hmnune complexes were incubated in 
kinase buffer with 20 ^M peptide [EAIYAAPFAKKK; SEQ ID NO:5], 10 pM 
ATP and 2-5 nCi[y-32P]ATP for 4 min at 25''C. After incubation, 25 ^1 was 
spotted onto phosphocellulose discs, followed by washing with 1% phosphoric acid 
and then distilled water. The incorporated [32p] phosphate was determined by 
scintillation counting. 

The c-Crk protein contains an N-tenninal SH2 domain followed by two 
20 SH3 domams. c-Abl binds to the N-terminal SH3 domain of Crk and 

phosphorylates Tyr221 (Feller et al, 1994; Ren et al, 1994). There was a low 
level of GST-Crk(120-225) phosphorylation with anti-Abl immunoprecipitates from 
control cells, while IR exposure was associated witii stimulation (4-5-fold) of Crk 
kinase activity (FIG. 16A). 
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In contrast, there was no detectable IR-induced phosphorylation of a 
GST-Crk( 120-2 12) fusion protein which lacks TyT221 (FIG. 16C). The finding 
that IR has no detectable effect on c-Abl levels supported an increase in c-Abl 
activity (FIG. 16A). 

NIH3T3 fibroblasts were used in similar studies to determine whether 
activation of c-Abl is detectable in different cell types. The results demonstrate 
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that IR treatment is also associated with stimulation of c-Abl activity in these cells 
(FIG. 16B). In order to further assess activation of c-Abl by IR treatment, the 
inventors used a peptide (EAIYAAPFAKKK; SEQ ID NO:5) recently identified as 
a specific substrate for c-Abl activity (Songyang et al, 1995). Anti-Abl 
5 immunoprecipitates fmm irradiated U-937 cells exhibited maximal (nearly 5-fold) 
phosphorylation of the peptide subsUate at 1 h (FIG. 16D). In contrast, 
immunoprecipitates prepared with preimmune rabbit serum failed to exhibit 
IR-induced phosphorylation of the peptide (FIG. 16D). 

0 Since IR induces single and double DNA strand breaks, the inventors asked 

whether treatment with other agents that damage DNA is also associated with c-Abl 
activation. Cisplatinum (CDDP) forms DNA mtrastrand crosslinks (Sherman and 
Lippard, 1987), while mitomycin C (MMC) forms monofimctional and bifiinctional 
DNA lesions (Tomasz et al., 1988). Treatment of NIH3T3 cells with these 

5 alkylating agents was associated with an increase in c-Abl activity which was 
similar to that obtained following IR exposure (FIG. 16E, FIG. 16F). These 
finding suggest that c-Abl is activated by diverse DNA damaging agents. 



EXAMPLE IV 
Involvement of SAP Kinases in Response 
to DNA Damaging Agents 

Two serines (Ser63 and Ser73) in the trans-activation domain of c-Jun have 
been identified as substrates for the stress-activated protein (SAP) kinases (Pulverer 
et al., 1991; Kyriakis et al, 1994; Derijard et al., 1994). The SAP kinases are 
activated in response to treatment with TNF, anisomycin and UV lights. The 
finding that Ha-Ras is involved in the stimulation of SAP kmase by UV light has 
suggested that this signaling cascade is initiated by damage to cellular components 
other tiian DNA (Derijard et al, 1994; Engelberg et al, 1994). There is presently 
little known about the involvement of SAP kinase in the cellular a response to 
DNA-damaging agents. 
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To address this issue, the inventors analyzed anti-SAP kinase 
immunoprecipitates for phosphorylation of the trans-activation domain of c-Jun. 
GST-Jun(2-100) fusion protein was prepared as described (Salem et al, 1995). 
The Abl-/- fibroblast cell line was obtained from David Baltimore's laboratory. 

Using GST-Jun(2-100) as a substrate, there was a low level of Jun 
phosphorylation with anti-SAP kinase immunoprecipitates from NIH3T3 cells and 
this activity was increased by IR exposure (nO. 17A). Similar fmdings were 
obtained with immunoprecipitates from CDDP- or MMC-treated ceUs (HG. I7A). 



Since the above fmdings supported activation of SAP kinase by 
DNA-damaging agents, the inventors asked whether c-Abl is involved in a cascade 
that includes SAP kinase. Mouse fibroblasts deficient in c-Abl (Abl-/-, derived 
from mice with targeted c-Abl disruption) (Tybulewicz et al, 1991) were assayed 

15 for SAP kinase activity follovdng irradiation or drug treatment. In the Abl-/- cells, 
there was no detectable induction of SAP kinase activity after exposure to IR, 
CDDP or MMC (FIG. 17B), while immunoblot analysis with anti-SAP kinase 
demonstrated expression of this protein before and after treatment of these cells. 
These findings suggested that c-AbI is necessary for activation of SAP kinase in 

20 cells treated with DNA-damaging agents. 

EXAMPLE V 
c-Abl Mediates Signals in the SAP 
Kinase Stress Response Pathway 



In order to more definitively demonstrate a role for c-Abl in a cascade that 
contributes to activation of SAP kinase, the inventors stably expressed c-Abl in the 
Abl-/- cells (designated AbH-). Abl-/- cells were reconstituted with the c-Abl gene 
by retroviral transduction. The c-Abl (murine type IV) gene was subcloned into 
the pBaBe-puro retroviral expression vector (Morgenstem and Land, 1990). 
Helper-free retoovirus was generated and used to infect Abl-/- cells as described 
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(Pear et al, 1993). Puromycin selected cells were used in experiments following 
removal from drug for 18 h. 



The level of c-Abl expression in the AbH- ceUs was readily detectable, but 
5 somewhat lower than that in NIH3T3 cells (FIG. 18 A). IR treatment of the Abl+ 
cells was associated with stimulation of c-Abl activity (FIG. 18B). More 
importantly, exposure of the Abl+ cells to IR was associated with increases in SAP 
kinase activity (HG. 18C). MMC treatment of the Abl+ cells also resulted in 
activation of both c-Abl and SAP kinase activities (FIG. 18C). Taken together. 
0 these results provide definitive evidence that c-AbI mediates signals in the SAP 
kinase stress response pathway. 



15 



25 



EXAMPLE VI 
c-Abl is Not Involved With TNF-o Induced Stress 



The finding that DNA-damagmg agents activate c-Abl suggested that this 
event may be a generalized response to cellular stress. Previous work has shown 
that the stress pathway involving SAP kmase is activated by TNF (Kyriakis et al, 
1994). However. TNF had little if any effect on c-Abl activity in NIH3T3 cells 
20 (HG. 19A). In contrast, TNF stimulated SAP kinase activity in these cells. 

Moreover, TNF induced SAP kinase activity in the Abl-/- cells (FIG. 19B). These 
fmdings suggest that c-Abl is selectively activated by agents (IR, CDDP, MMC) 
that act primarily by damaging DNA, while c-Abl is not involved in the response 
to TNF-induced cellular stress. 



EXAMPLE Vn 
DNA Damaging Agents 



Following radiation exposure, many single strand breaks are produced in 
30 DNA, but these are readily repaired using the opposite strand of DNA as a 

template. X-ray energy deposition on DNA may lead not only to strand breakage 
but to base damage. The breakage may result in incorrect rejoining in pre- 
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replication chromosomes in the G, phase, leading to chromosomal aberrations, or if 
the radiation is given late in S or Gj. chromatid aberrations will result 

The skilled artisan in directed to "Remington's Pharmaceutical Sciences" 
15th Edition, chapter 33, in particular pages 624-652. Some variation in dosage 
will necessarily occur depending on the condition of tiie subject being treated. The 
person responsible for administration will, in any event, determine the appropriate 
dose for the individual subject. Moreover, for human administration, preparations 
should meet sterility, pyrogenicity. general safety and purity standards as required 
by FDA Office of Biologies standards. 

A variety of otiier DNA damaging agents may be used with the tyrosine 
kinase inhibitors, as provided by this invention. This includes agents that directly 
crosslink DNA. agents that intercalate into DNA, and agents that lead to 
chromosomal and mitotic aberrations by affecting nucleic acid synthesis. 

Agents that induce DNA alkylation, such as mitomycin C, may be used. 
Mitomycin C is an ejrtremely toxic antitumor antibiotic that is cell cycle phase- 
nonspecific. It is ahnost always given intravenously, at a dose of 20 mg/meter^, 
20 either in a single dose or given in 10 separate doses of 2 mg/meter^ each given 
over 12 days. It has been used clinically against a variety of adenocarcinomas 
(stomach, pancreas, colon, breast) as well as certain head and neck tumors. 

Another option is to employ cisplatin, which has also been widely used to 
25 treat cancer, with efficacious doses used in clinical applications of 20 mg/m^ for 5 
days every three weeks for a total of three courses. Cisplatin is not absorbed orally 
and must therefore be delivered via injection intravenously, subcutaneously, 
intratumorally or intraperitoneally. 



15 



30 



Agents that damage DNA also include compounds that interfere with DNA 
replication, mitosis, and chromosomal segregation. Examples of these compounds 
include adriamycin, also known as doxorubicin, etoposide. verapamil. 
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podophyllotoxin, and the like. Widely used in clinical setting for the treatment of 
neoplasms these compounds are administered through bolus injections intravenously 
at doses ranging from 25-75 mg/m2 at 21 day intervals for adriamycin, to 35-50 
mg/m2 for etoposide, intravenously or double the intravenous dose orally. 

Agents that disrupt the synthesis and fidehty of nucleic acid precursors, and 
subunits also lead to DNA damage. As such a number of nucleic acid precursors 
have been developed. Particularly usefiil are agents that have undergone extensive 
testing and are readily available. As such, agents such as S-fluorouracU (5-FU). are 
preferentially used by neoplastic tissue, making this agent particularly useful for 
targeting to neoplastic cells. Although quite toxic. 5-FU, is applicable in a wide 
range of carriers, including topical, however intravenous administration with doses 
ranging from 3 to 15 mg/kg/day being commonly used. 



Therefore, the DNA damaging agents or factors defined herein include any 
chemical compound or treatment method that mduces DNA damage when applied 
to a cell. Such agents and factors include ionizing radiation and waves that induce 
DNA damage, such as, y-iiradiation. X-rays, UV-irradiation, microwaves, 
electronic emissions, and the like. A variety of chemical compounds, also 
20 described as "chemothcrapeutic agents", function to induce DNA damage, all of 
which are intended to be of use in the combined treatment methods disclosed 
herein. Chemothcrapeutic agents contemplated to be of use, include, e.g., 
alkylating agents such as mitomycin C. adozelesin, cis-platinum, and nitrogen 
mustard. The invention also encompasses the use of a combination of one or more 
25 DNA damaging agents, whether ionizing radiation-based or actual compounds, with 
one or more tyrosine kinase inhibitors. 



30 



EXAMPLE Vra 
Tyrosine Kinase Tnhihi»nr« 

Tyrosine protein kinase activities are known to be associated with oncogene 
products of the retroviral src gene family, and also with several cellular growdi 
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factor receptors such as that for epidermal growth factor (EGF). Activation of 
protein tyrosine phosphorylation by p56/p53'y» in the present studies demonstrates 
that the lyn protein is associated with the cell cycle regulatory protein p34'***=2 
contributmg to mitotic arrest. If this association is blocked, such as by use of 
protein tyrosine kinase inhibitors such as genistein or herbimycin A, the cells are 
unable to arrest in the phase, forcing cell cycle traverse and expression of 
potentially lethal damage. Thus, the combined use of DNA damaging agents such 
as ionizing radiation or alkylating agents with tyrosine kinase inhibitors is a novel 
approach to enhancing ceU killing. 

Genistein, a natural isoflavonoid phytoestrogen, has been reported to exhibit 
specific inhibitory activity against tyrosine kinases of EGF receptor. pp60^'^"^ and 
ppll08^e-f«s It has been generally shown to block a number of EGF dependent 
phenomena, including both receptor autophosphorylation and histone 
phosphorylation. 

Herbimycin A has also been shown to inhibit the autophosphorylation of 
EGF-stimulated receptors in intact cells in a time and dose dependent manner. 
Herbimycin A both decreases the receptor quantity and the EGF-stimulated receptor 
kinase activity. 

Other tyrosine kinase inhibitors may also be used, for example, those 
isolated from natural sources. One such compound is erbstatin (Umezawa and 
Imoto M, 1991; Sugata et al.., 1993) and its analogues, e.g., RG 14921 (Hsu et ai, 
1992). Lavendustin A from Streptomyces griseolavendus (Onoda et al., 1989), 
which is about 50 times more inhibitory than erbstatin, and analogues thereof, are 
also contemplated for use as protein-tyrosine kinase inhibitors (Smyth et al., 
1993b). Piceatannol (3,4,3',5'-tetrahydroxy-trans-stilbene; Geahlen and 
McLaughlm, 1989) and polyhydroxylated stilbene analogues thereof (Thakkar et 
ai, 1993) may also be used. 

Further natural tyrosine kinase inhibitors that may be used are emodin 
(3-methyl-l,6,8-trihydroxyanthraquinone), an inhibitor from the Chinese medicinal 
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plant Polygonum cuspiddtum (Jayasuriya et al.., 1992; Chan et al, 1993); desmal 
(8-formyl-2,5,7-trihydroxy-6-methylflavanone), isolated from the plant Desmos 
chinensis (Kakeya et al, 1993); the chlorosulfolipid, malhamensilpin A, isolated 
from the cultured chrysophyte Poterioochromonas malhamensis (Chen et al.., 
5 1994); flavonoids obtained from Koelreuteria henryi (Abou-Shoer et al., 1991); 
fetuin, a natoral tyrosine kinase inhibitor of the insulin receptor (Rauth et al, 
1992). 

Another group of compounds known to be tyrosine kinase inhibitors are the 
10 tyrphostins, which are low molecular weight synthetic inhibitors (Ga2dt et al, 

1989). The tyrphostins AG17, AG18, T23 and T47 have been shown to inhibit 
pancreatic cancer cell growth in vitro (Gillespie et al., 1993). Tyrphostins have 
also been shown to have antiproUferative effects on human squamous ceU 
carcinoma in vitro and in vivo (Yoneda et al, 1991). RG-13022 and RG- 14620 
15 were found to suppress cancer cell proUferation in vitro and tumor growth in nude 
mice. Another active tyrphostin is AG879 (Ohmichi et al, 1993). 

Various chemical compounds may also be used in combination with DNA 
damaging agents, such as ioni2dng radiation, as have been described in the literature 

20 for use alone. One example is RG50864 (Merkel et al, 1993). Further examples 
are the indole substimted 2^'-dithiobis(l-methyl-N-phenyl-lH-mdole-3- 
carboxamides, especially the 5-substituted derivative, as described by Rewcastle et 
al (1994). (Z>alpha-[(3,5-dichlorophenyl)methylene]-3-pyridylacetonitrile (RG 
14620) is another active tyrosine kinase inhibitor that may be used in a topical or 

25 intravenous form (Khetarpal et al , 1 994). 

BE-23372M, (E)-3-(3,4-dihydroxybenzylidene)-5-(3,4-dihydroxyphenyl> 
2(3H)-furanone, is also a tyrosine kinase inhibitor (Tanaka et al, 1994a). This 
may be synthesized from 3-(3,4-dimethoxybenzoyl)propionic acid and 
30 veratraldehyde or 3,4-diacetoxy-benzaldehyde, as described by Tanaka et al 

(1994b). BE-23372M may also be isolated from the cultare broth of a Rhizoctonia 
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solarti fungus (strain F23372) using acetone and then purified by solvent 
extraction and column chromatography (Okabe et ai, 1994). 

Further tyrosine kinase inhibitors that may be used include 
4,5-DianiIinophthalimide, which has, alone, been shown to have in vivo antitumor 
activity (Buchdunger et al, 1994). Hydroxylated 2-(5'-salicyl)n^hthalenes form 
another group of inhibitors that could be used in the present invention, and may be 
prepared as described by Smyth et al. (1993a). 



To kill a cell in accordance with the present invention, one would generally 
contact the cell with a DNA damaging agent and a tyrosine kinase inhibitor in a 
combined amount effective to kill the cell. The term "in a combined amount 
effective to kill the cell" means that the amount of the DNA damaging agent and 
inhibitor are sufficient so that, when combined within the cell, cell death is 
15 induced. Although not required in all embodiments, the combined effective amount 
of the two agents will preferably be an amount that induces more cell death than 
the use of either element alone, and even one that induces synergistic cell death in 
comparison to the effects observed using either agent alone. A number of in vitro 
parameters may be used to determine the effect produced by the compositions and 
methods of the present invention. These parameters include, for example, the 
observation of net cell numbers before and after exposure to the compositions 
described herein. 

Similarly, a "therapeutically effective amount" is an amount of a DNA 
25 damaging agent and tyrosine kinase inhibitor that, when administered to an animal 
in combination, is effective to kill cells within the animal. This is particularly 
evidenced by the killing of cancer cells within an animal or human subject that has 
a tumor. "Therapeutically effective combinations" are thus generally combined 
amounts of DNA damaging agents and tyrosine kinase inhibitors that function to 
30 kill more cells than either element alone and that reduce the tumor burden. 
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EXAMPLE DC 
Antiscnse Constructs 



The present invention generally relates to methods of inhibiting or down- 
5 regulating the expression of the c-Abl gene through the preparation and use of 
antisense constructs that are complementary to distinct regions of the c-Abl gene. 
The nucleotide sequences of the c-Abl gene are set forth in SEQ ID NO: 1 and 
SEQ ID NO: 2. 



10 Generally speaking, to practice the present invention, one would use 

representative methods for cloning the c-Abl gene, as described in the literature 
(Shtivelman et al., 1986). This pubUcation should provide adequate direction 
where one seeks to obtain a c-Abl sequence. 

15 A preferred method for cloning c-Abl sequences is through the application 

of PCR-ampiified cloning. In this relatively well known technique, one employs 
oligonucleotide primers complementary to c-Abl, as may be determined from the 
sequences set forth in SEQ ID NO: 1 and SEQ ID NO: 2, that allow the specific 
amplification of the c-Abl gene sequence. 

20 

Recombinant clones that incorporate c-Abl DNA are readily achieved 
through the PGR amplification of the distinct coding region usmg primers 
incorporating the amplified DNA mto a recombinant clone, and selecting 
recombinant clones that have received the c-Abl DNA bearing clones. One 
25 generally clones restriction digested fi^gments of the desired gene into an 

appropriate plasmid that is amphfied when grown in an appropriate prokaryotic 
host cell. Following amplification, the c-Abl DNA containing clones are then 
purified, and preferably, the cloned DNA is sequenced sufficiently to ensure that it 
contains the desired sequences. 



30 



c-Abl DNA is then removed from the vector employed for c-Abl DNA 
cloning, and used in the construction of appropriate antisense vectors. This will 
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entaU, of course, placing the c-AbI DNA in an antisense direction behind an 
appropriate promoter and positioned so as to bring the expression of the antisense 
c-Abl under control of the promoter. 

When selecting primers for c-Abl amplification, one typically desires to use 
primers such that at least about 40-50 and preferably about 100-200 nucleotides of 
the c-Abl gene are amplified and thereby cloned. It is generally believed that the 
larger the region of c-Abl gene sequence that is cloned, the better the down- 
regulation of the targeted gene. 

The particular vector used for introduction of antisense c-Abl coding 
sequences in not beUeved to be particularly crucial to the practice of the present 
invention, so long as the vector is capable of introducing the nucleic acid coding 
sequences into the genome of the targeted cell in a relatively stable manner. By 
way of illustration, preferred vectors may be a retrovirus, adenovirus, or HSV-1. 

EXAMPLE IX 
Treatment Prn»ft4.#%i. 

20 Treatment with Tyrosine Kinase Inhibitors 

1) Patients exhibiting neoplastic disease are treated with a protein 
kinase inhibitor, for example genistein, at a concentration of between 
1 and lOO^M, or herbimycin A at a concentration of between about 
1 and lOOjiM, for 6 hours prior to exposure to a DNA damaging 
agent. 

2) Patients are exposed to ionizing radiation (2 gy/day for up to 35 
days), or an approximate a total dosage of 700 gy. 



15 



25 
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3) As an alternative to ionizing radiation exposure, patients are treated 
with a single intravenous dose of mitomycin C at a dose of 20 



5 It is contemplated that mitomycin C treatment in combination with tyrosine 

protein kinase inhibitors will be effective against cancer of the stomach, pancreas, 
oral cavity, breast and head/neck. 

Treatment with Antisense Sequences 

10 

I) Patients exhibiting neoplastic disease are treated with an antisense 

RNA molecule that comprises a sequence that is complementary to a 
region of the c-Abl gene and hybridizes to such a region. This 
antisense RNA molecule may be in combmation with a recombinant 
vector that comprises a nucleic acid sequence capable of expressing 
the antisense RNA in the cell. The vector is introduced into the cell 
in a manner that allows expression of the encoded antisense RNA at 
a level sufficient to inhibit gene expression. 

2^ 2) Patients are exposed to ionizing radiation (2 gy/day for up to 35 

days), or an approximate a total dosage of 700 gy. 

3) As an alternative to ionizing radiation exposure, patients are treated 
with a single intravenous dose of mitomycin C at a dose of 20 
25 mg/m^. 



15 



All of the compositions and methods disclosed and claimed herein can be 
made and executed without undue experimentation in light of the present 
disclosure. While the compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be apparent to those of skill ii 
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the art that variations may be applied to the composition, methods and in the steps 
or in the sequence of steps of the method described herein without departing from 
the concept, spirit and scope of the invention. More specifically, it will be 
apparent that certain agents which are both chemically and physiologically related 
may be substituted for the agents described herein while the same or similar results 
would be achieved. All such similar substitutes and modifications apparent to those 
skilled in the art are deemed to be within the spirit, scope and concept of the 
invention as defined by the appended claims. 
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1 . An antisensc RNA molecule that inhibits the expression of a gene product 
of c-Abl, the antisense molecule including a region that is complementary to and 
that hybridizes with a region of the selected gene. 



10 



2. The antisense molecule according to claim 1. wherein the antisense RNA 
molecule is capable of selectively inhibiting the expression of the c-Abl gene 
product over that of another member of the non-receptor type of tyrosine kinase. 



3. The antisense molecule according to claim 1. wherein the RNA molecule 
comprises a sequence that is complementary to an exon region sequence of the c- 
15 Abl gene. 



4. A DNA molecule that expresses an antisense RNA molecule in accordance 
with claim 2. 

20 

5. A nucleic acid molecule comprising a coding region that expresses an 
antisense RNA molecule that selectively inhibits the gene product of the c-Abl 
gene, the DNA coding region including an antisense RNA coding region that is 

25 complementary to a region of the c-Abl gene. 



6. The nucleic acid molecule according to claim 5, further defined as a DNA 
molecule. 



30 
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7. The nucleic acid molecule according to claim 6, wherein the DNA molecule 
encodes a RNA molecule having a sequence that is complementary to the c-Abl 
gene sequence. 



8. The nucleic acid molecule according to claim 6, wherein the DNA encodes 
a RNA molecule having a sequence that is complementary to a 2000 base region of 
the c-Abl gene. 



9. The nucleic acid molecule according to claim 6, wherein the DNA encodes 
a RNA molecule having a sequence that is complementary to a 1000 base region of 
the c-Abl gene. 



10. The nucleic acid molecule according to claim 6, wherein the DNA encodes 
a RNA molecule having a sequence that is complementary to a 500 base region of 
the c-Abl gene. 



11. The nucleic acid molecule according to claim 6, wherein the DNA encodes 
a RNA molecule having a sequence that is complementary to a 100 base region of 
the c-Abl gene. 



12. The nucleic acid molecule according to claim 6, wherein the DNA encodes 
a RNA molecule having a sequence that is complementary to a .10 base region of 
the c-Abl gene. 



30 
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13. The nucleic acid molecule according to claim 6, wherein the coding region 
is positioned under the control of a promoter that is c^ble of being expressed in a 
mammalian cell. 



14. The nucleic acid molecule according to claim 13, wherein the coding region 
is positioned under the control of a promoter that is capable of being expressed in a 
human cell. 



15. An expression vector comprising a gene encoding a RNA molecule 
complementary to the c-Abl gene and positioned under the control of a promoter, 
the gene positioned to effect transcription of the c-Abl gene in an orientation 
opposite to that of vector transcription. 



16. The vector according to claim 15, wherein the encoded antisense RNA 
molecule is capable of selectively inhibiting the expression of the c-Abl gene 
product. 



17. 



A pharmaceutical composition comprising the vector according to claim 15. 



25 



1 8. A method of selectively inhibiting the expression of c-Abl m a cell 
comprising 

(a) preparing an antisense RNA molecule that includes a region that is 
complunentary and capable of hybridizing with a region of the c-AbI 
gene; and 
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(b) introducing the antisense RNA molecule into the cell in an amount 
effective to inhibit the expression of the c-Abl gene. 

5 19. A method of selectively inhibiting the expression of c-AbI while treating a 
patient with DNA damaging agents comprising 

(a) administering to the patient a dose of a DNA damaging agent in an 
amount effective to produce an increase in c-Abl production; and 



10 



(b) administering to the patient an effective amount of an agent that 
inhibits the expression of the c-Abl gene. 



20. The method according to claim 19, wherein the inhibiting agent is an 
antisense RNA molecule that includes a region that is complimentary and capable 
of hybridizing with a region of the c-Abl gene. 



20 21 . The method according to claim 20, wherein the antisense RNA molecule is 
introduced into the cell by introduction of a DNA molecule that encodes and 
expresses the antisense RNA molecule. 



25 22. The method according to claim 21, wherein the DNA molecule i 
introduced into the cell by a liposome. 



23. The method according to claim 21, wherein the DNA molecule i 
30 introduced into the cell by a virus. 
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24. The method accordmg to claim 23, wherein the virus is an adenovirus. 



25- The method according to claim 23, wherein the virus is a retrovirus. 

5 



26. The method according to claim 23, wherein the virus is HSV-1. 



10 27. The method according to claim 19, wherein the DNA damaging agent i 
ionizing radiation. 



28. The method according to claim 19, wherein the DNA damaging agent is 
15 ' mitomycin C. 



29. A method of selectively inhibiting the expression of c-Abl in a cell, 
comprising: 



20 



(a) preparing an antisense RNA molecule that comprises a sequence that 
is complementary to a region of the c-Abl gene and hybridizes to 
such a region; 

preparing a recombinant vector that comprises a nucleic acid 
sequence capable of expressing the antisense RNA in the cell; and 

(c) introducing the vector into the cell in a manner that allows 

expression of the encoded antisense RNA at a level sufficient to 
30 inhibit gene expression. 
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30. In combination, a pharmaceutical composition comprising a DNA damaging 
agent in combination with an antisense RNA molecule that comprises a sequence 
that is complementary to a region of the c-Abl gene and hybridizes to such a 



region. 



10 



31. The method according to claun 30, wherein the DNA damaging agent is 
ionizing radiation. 



32. The method according to claim 30, wherein the DNA damaging agent is 
mitomycin C. 
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